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A COMPUTER PROGRAM FOR A LINE-BY-LINE CALCULATION
OF SPECTRA FROM DIATOMIC MOLECULES AND ATOMS
ASSUMING A VOIGT LINE PROFILE

By Ellis E. Whiting, James O. Arnold,
and Gilbert C. Lyle

Ames Research Center
SUMMARY

A Fortran IV computer program for predicting the spectra resulting from
electronic transitions of diatomic molecules and atoms in local thermodynamic
equilibrium is described in detail. Included are instructions for preparing
the input data, a program listing, and complete flow charts. The program pro-
duces a spectrum by accounting for the contribution of each rotational and
atomic line considered. The integrated intensity of each line is distributed
in the spectrum by an approximate Voigt profile. The program can produce
spectra for optically thin gases or for cases where simultaneous emission and
absorption occurs. In addition, the program can compute the spectrum result -
ing from the absorption of incident radiation by a column of cold gas or the
high-temperature, self-absorbed emission spectrum from a nonisothermal gas.
The computed spectrum can be output directly or combined with a slit function
and sensitivity calibration to predict the output of a grating spectrograph or
a fixed wavelength radiometer.

INTRODUCTION

There are many applications in the field of quantitative spectroscopy
where the ability to compute an emission or absorption spectrum is required.
For example, electronic transition moments (or f-numbers) are often determined
by comparing measured and computed intensities (see refs. 1-5). In such an
application, test conditions giving an optically thin gas are usually required
to simplify the problem, although Drake, Tyte, and Nicholls (ref. 5) }ecently
reported a technique for determining these quantities from strongly self- -
absorbed spectra. Detailed spectral computations are also used in predicting
radiative heat transfer in hot-gas environments, in stellar atmosphere cal-
culations, for determining planetary surface pressure from measured line
broadening, and for establishing basic spectroscopic constants.

The task of computing a reasonably accurate spectrum for a mixture of
atoms and diatomic molecules is complicated by the enormously large number
(often tens of thousands) of rotational lines forming the spectrum. TIn addl-
tion, several kinds of electronic transitions may be involved, each with its
own required set of line strength and wavelength equations. These considera-
tions make it impractical to produce the band spectra from even a simple



diatomic transition, such as BeO(lZ - 12), without the aid of an electronic
computer. In response to this need, several computer programs have been writ-
ten to produce synthetic spectra (see, e.g., refs. 5 and 6). However, most
programs have been written for specific applications and cannot be applied to
more general requirements. The present work was undertaken to develop a com-
puter program applicable, to some degree of approximation, to any "allowed"
electronic transition of diatomic molecules and atoms. Specifically, the
program has the capability to include the following features in any
computations:

1. Parallel transitions (AA =A' - A" = 0), in which spin splitting and
lambda doubling are ignored (ignoring spin splitting and/or lambda doubling
means herein that the total multiplet strength is assumed to reside in a
single "effective" line),

2. Perpendicular transitions (AN = #1), in which spin splitting and
lambda doubling are ignored,

3. 2% «» 2 transitions, in which lambda doubling is ignored,
4. Atomic lines,

5. Option to terminate rotational-line calculations when the molecule
dissociates due to rotation,

6. Option to include the alternation of line intensities for homonuclear
molecules,

7. Use of an approximate Voigt profile for the line shape, and
8. Radiative energy transport in a nonisothermal gas.
The restrictions on spin splitting and lambda doubling can be removed with a

modest reprogramming effort, but this would result in longer computer run
times.

The output options available in the program are:

1. Tagbulation of the spontaneous-emission spectrum (i.e., optically thin
spectrum) for a 1.0 cm path length,

5. Tsbulation of the "true" spectrum, which incorporates spontaneous
emission, induced emission, absorption, and externally incident radiation
through the equation of radiative transfer,

3. Tabulation of the curve of growth for an arbitrary number of
wavelength intervals,

. Tabulation of the integrated intensity over an arbitrary number of
wavelength intervals, and



5. Tabulation of the output signal produced by a radiometer or spectrom-
eter by specifying an instrument calibration. The instrument slit function
can be approximated by up to 99 straight-line segments or by a Gaussian curve.
The computation can be made at a fixed wavelength to simulate a radiometer or
by scanning across any specified wavelength interval to simulate a grating
instrument. In the latter case, the sensitivity can be varied as a function
of wavelength to accurately simulate a grating-instrument calibration.

The computer program presented is also discussed in reference 7. That
reference describes the theoretical and numerical assumptions made in the
program, compares computer results with those given by other programs, and
demonstrates the flexibility of the program in solving a wide variety of
problems. However, that paper does not discuss programming details and, con-
sequently, 1s not in a useful form for understanding and using the program.
This paper provides: (1) a discussion of program operations, (2) a listing
of the program statements, (3) detailed flow charts of the program logic, and
(4) a guide for preparing the input data necessary to operate the program. It
is assumed that the reader has a copy of reference 7 available; therefore,
the information contained in that paper will not be reproduced herein.

The program is available from COSMIC, Barrow Hall, University of Georgila,
Athens, Georgia. The program package includes the program source decks, an
800 BPI magnetic tape with spectroscopic data for 18 diatomic systems, and
the input and output for an extensive program checkout. When requesting this
program, refer to Flash Sheet number ARC-10221.

SYMBOLS
Commonly
Used
FORTRAN IV Notation
ALPHA Qe rotational constant for equilibrium position, cm~t
ATTNAT alteration factor for homonuclear molecules,
dimensionless

ALTNAT = O, lines do not alternate in intensity
1, lines with K" odd are strongest
2, lines with K" even are stronges®t

]

Il

ATOMCC number density of atoms, atoms-cm™

BE Be rotational constant for equilibrium position, cm™
BEPB-X BeO,B*SXE  band system for BeO molecule near 4700 A

BETA Be rotational constant for equilibrium position, cm™
BLAM B%,B% Planck or black-body function, W-cm &-p t-gr*



BV
CAPA

CAPL

CH3900
CHL300
CINT3
CN V
CN RED
C@ASDT
C@+ CT
Coh 4+
CONSTL1
CONST2
CONST3
CSPRD1
CSPRD2
CSPRD3

CSTR

C2PHIL
C25WAN
DE
DEGEﬁ

DELLAM

DEPTH
oV

DZERO

CH, BET-X=11

CH, AZA-X=TT

CN, BEE-X=%
CN, AP-XZ%
CO,at3r-a
CO", AZ-X2%,

CO,AM-X'Y.

Cso,bl-aly

Co, AST-X5TI

‘D

e

d

AN

rotational constant for the vibrational level v, cm™t

spin coupling constant, cm-1
guantum number specifying the component of the

resultant electronic angular momentum along the
internuclear axis, dimensionless

band system of CH molecule near 3900 A

band system of CH molecule near 4300 A

intensity factor defined in equation (12) page 12
violet band system of CN molecule

red band system of CN molecule

Asundi band system of CO molecule

comet tall band system of CO molecule

fourth positive band system of CO molecule

constants used in line strength expressions in sub-
routine S2 PI2 and specified in table I

constants used in Voigt profile expressions and
defined in equations on page 11

constant used in line strength expression in sub-
routine ZERO and defined in equation on page 1k

Phillips band system of Co molecule
Swan band system of Co molecule
rotational constant for equilibrium position, em™

electronic multiplicity, dimensionless

distance between wavelength locations at which
spectrum is computed, A

depth of radiating gas, cm
rotational constant for the vibrational level v, cm™l

dissociation energy referred to the v = O vibrational
level, cm™!



E E,I
E e(v)+F (K)

EINSTN Ayy
ELAM(M) E, Iy

FRANCK Q1

IFACTR

TIAM(M) Ty ,By

J J

K K, N
KMIN Knin
KMAX Koy
TAM(M) A

TAMBDA(M) A

TAMCL Ag,
LAMMIN s,
TAMMAX  Npax
TAMR(M) A
TAMS(M) A
TAMS1 A
TAMS? A
TAML A
TAMD A

line integrated spontaneous emission, W-cm™S-sr™h

sum of vibrational and rotational energy used in itera-
tion to find KMAX and defined by equation (15) on
page 13 ,

Einstein A coefficient, probability of transition,
sec=l-part~?t

spectral intensity distribution of spontaneous emission,
Weem™3-p "t -gr™t

Franck-Condon factor, dimensionless
integer name of the intensity factor, CINI3, set up in

Hollerith mode so that if CINT3 = 0.0 blanks are
printed rather than zeros

specific intensity, Weem™2-u~togr-1

rotational quantum number, dimensionless

rotational quamtum number without spin, dimensionless
minimm rotational gquantum number, dimensionless
meximum rotational quantum number, dimensionless

wavelengths specifying incident spectrum array or linear
segment slit function, A

wavelength locations at vhich spectrum is computed, A

center of rotational or ato?ic line or location of
center of slit function, A

minimum wavelength in computed spectrum, A
maximum wavelength in computed spectrum, A

wavelengths specifying instrument calibration,iﬁ

wavelengths aE which instrument output signal is
generated, A

starting wavelength fgr scanning slit or wavelength for
fixed linear slit A

stopping wavelength for scanning slit, A
starting wavelength for spectral integration, A

stopping wavelength for spectral integration, A



LEVELS

NAME

NARRAY

NCENTR
NEND

NINTRV

NPOINT

NRLAMS
NSLIT

NSPRED
NSTART

NUBAR
NUBARO
NUSPIN

N2LBH
N2 1+
N2 2+
No+ 1-
Ng B
Ng G
g2 SR

@H3060

Ha

v
v (viv")

N,I

N2) al H—»XlZ

‘ N2 ) B3H»A3Z‘

N ,CoI-BT
NE , BEE-X2Y
NO, B2I-X=11
NO , AZT-X=11
02,B°Z-X°%

OH, AZT-X2T

number of electronic energy levels for a diatomic
molecule

reduced mass in atomic-weight units

six-letter (or less) name specifying an atomic or
diatomic system

number of points at which spectrum is computed

array index in ELAM(M) nearest to center of line being
added to spectrum

array index in EIAM(M) at which the last contribution
of a line is added

number of intervals in a case over which the spectrum
will be integrated

number of array elements specifying the slit function.
NPOINT = O if the slit function is specified by a
Gaussian curve

number of points specifying the instrument calibration

number of slits for which the instrument output signal
will be computed

one-half the number of places in the spectrum to which
a line will be added

array index in EIAM(M) at which the first contribution
of a line is added

wave number of a line center, et

wave number of a band origin, em™t

nuclear spin of an atom in a homonuclear diatomic
molecule, dimensionless

Liyman-Birge -Hopfield band system of No molecule
first positive band system of Ns molecule
second positive band system of No molecule
first negative band system of Ng molecular ion
beta band system of NO molecule

gamma, band system of NO molecule

Schuman-Runge band system of Os molecule

band system of OH molecule near 3060 A



PARTCC N

RANGE

RE r
RLAM(M)
RLAMCL

RMAX

RSLIT(M)
SCAN

SIGN

SIGNAL

SIGNSL
SIGNS2
SIGNS3

SIGNUL }
SIGNU2

STEP

SUMRE2 Z‘Re(f‘vtvu)»/eao‘g

TELECT

Telect

number density of molecules, molecules-cm™3
partition function, dimensionless
internuclear distance, cm

number of line widths from the line center that a
line is added to the spontaneous emission
spectrum, integer

internuclear distance at equilibrium position, cm

spectral calibration of scanning slit that multi-
plies slit function to yield instrument
sensitivity

value of spectral calibration RLAM(M) at slit
centerline, LAMCL

maximum value of RSLIT(M)

slit function values for linear segment slit
function

flag to indicate whether a fixed slit (SCAN # 1)

or a scanning slit (SCAN = 1) is specified

constant used in line strength expressions in
subroutine ONE and in equations (19), (20),
and (21) on page 15, dimensionless

instrument output signal computed in subroutine
SLIT, arbitrary units

constants used in line strength expression in
subroutine S2 PI2 and in equations (23) and
(24) on pages 15 and 16, dimensionless

constants used in NUBAR expression in subroutine
S2 PI2 and in equation (22) on page 15,
dimensionless

wavelength interval between points where the
instrument output signal is computed for a
scanning slit, A

sum of the squares of the dimensionless electronic
transition moments. The sum i1s over all elec-
tronic transitions from the upper and lower
multiplet levels

R o)
electronic temperature, K



1

TERM(M) T electronic term energy, cm”

e

TOTALT integrated spectral intensity, over a specified wavelength
interval, found in subroutine INTRVL, W-cm™2-sr ™t

TROT Trot rotational temperature, °x

TVIB Tvib vibrational temperature, °x

U U molecular potential energy defined in equation (13) on

page 13, em™t

Vv v vibrational quantum number, dimensionless

WIDTH width of Gaussian slit function at half-peak or width of
linear se%ment slit function defined by equation (27) on
page 16, A

WIDTHG Vg width of Gaussian line profile at half-height, A

WIDTHL  wy width of Lorentzian line profile at half-height, A

WIDTHV Wy width of Voigt line profile at half-height, A

WE We

WE}{E (-\.)eXe . . . -1

WEYE e vibrational spectroscopic constants, cm

WEZE WaZe

Y Y rstio of spin coupling constant to rotational constant
for given vibrational level (A/Bv), dimensionless

U ()',()u letter following many of the above symbols to indicate
upper level (i.e., ALPHAU = o!)

L ()",()L letter following meny of the above symbols to indicate

lower level (i.e., ALPHAL = o)

¢ 0 the capital letter O, when appearing in band-system names
PROGRAM DESCRIPTION

A listing of the program, liberally annotated with comment statements,
is provided in appendix A. This listing, in direct association with the flow
charts of each subroutine given in appendix B, provides a complete and
detailed description of the program. A simplified flow chart of the main
program, illustrating the step-by-step flow through the program, is shown in
figure 1. This simplified flow chart should be studied carefully to keep the
overall program logic clearly in view. In addition, the following discussion
is included to aid the reader in understanding the program.

The end result of this program is to produce the "true" spectrum as given
by the equation of radiative transfer. Within the computer the "true"



spectrum is generated in two distinct steps. In the first step the spectrum
due to spontaneous emission only is computed. This is accomplished by sum-
ming the spectral contributions from all included lines at many points within
the spectral range considered. For atomic lines this is accomplished entirely
within the ATOMIC subroutine. For diatomic molecules +the procedure is some-
what more complicated. When a new band system is specified, program control
is transferred to the SETUP subroutine. In this subroutine, the spectroscopic
constants are read either from cards or from magnetic tape and the partition
function, Q, is computed. After these tasks are completed, control is trans-
ferred back to the main program where a vibrational band card is read. This
card causes control to be transferred to the VU VI subroutine where: (1) the
appropriate vibrational constants are computed from the spectroscopic con-
stants, (2) an intensity factor (CINT3) is computed if needed, and (3) the
maximm rotational quantum number is found. After these tasks are completed,
control is transferred back to the main Program, followed by an immediate
transfer to the appropriate rotational-structure subroutine, ZERO, ONE, or

52 PI2. Subroutine ZERO applies to parallel transitions, subroutine ONE
applies to perpendicular transitions, and subroutine S2 PI2 applies to

50 > 20 or 20 -3 transitions. In these subroutines, the wavelength and
integrated intensity due to spontaneous emission of each rotational line are
calculated, the intensity is distributed spectrally into a Voigt profile,

and the line is added into the spectrum.

If several vibrational bands are specified for several band systems, the
summation process can include tens of thousands of rotational lines. The
resultant spectral sum of this multitude of lines, including any atomic lines
specified, yields the spontaneous-emission spectrum. If an optically thin
spectrum is desired as a final result, it is given directly by the
spontaneous -emission spectrum.

The second step in the development of the "true" spectrum is to compute
the wavelength-dependent absorption coefficient, including induced emission.
As described in reference 7, this function is given directly by dividing the
spectral intensities due to spontaneous emission, developed above, by the
Planck (or black body) function at the appropriate temperature and wave-
lengths. The absorption coefficient is then combined with the geometric gas
depth and the incident radiation, if specified, in the equation of radiative
transfer to give the "true" spectrum.

The generality of the program is greatly enhanced by permitting the
"true" spectrum radiating from a gas layer to be used as the incident radia-
tion for a new gas layer. This allows the calculation of the Mtrue" spectrum
from a multilayer source, where each layer is specified by a different
thermochemical and thermodynamic environment.

Most of the numerical steps performed in the program can be easily under-
stood once the intent of the operation is known. The comment statements in
the listing and the description of the theory given in reference 7 should
make the intent of most operations clearly evident. There are, however, a
few operations that need additional discussion. These are presented in the
following sections.



Spontaneous -Emission Spectrum

The procedure for building the spectrum involves several steps. These
steps will be easler to understand if the notation illustrated in figure 2 1s
followed closely during the discussion. A large array (ELAM(M)) with 9000
entries is reserved in the computer core for summing the spectral intensity
at many points within the spectral range considered. The minimum (LAMMIN)
and maximum (LAMMAX) wavelengths are specified as is the wavelength interval
(DELIAM) between points where the spectrum is to be summed. For good spectral
resolution, DELLAM is normally selected to be about 1/10 of the narrowest
line width at half-height (WIDTHV) considered in the calculation.

The total number of points at which the spectrum is summed (NARRAY) is
1imited to 9000. NARRAY is found from TAMMIN, LAMMAX, and DELIAM, and, if
NARRAY is greater than 9000, DELIAM is changed so that NARRAY 1s equal to
9000. IAMMAX is always recomputed to ensure that it is exactly an even incre-
ment of DELIAM from IAMMIN. For this reason, the value of IAMMAX used and
output by the program may be slightly less than the value inpub.

The contributions from each rotational and atomic line to the gpontaneous
emission spectrum are added into the ELAM(M) array by the following procedure.
The array index number nearest to the line center (NCENTR) is found from
(refer to fig. 2)

7

NCENTR = <LAMCL _ oI} 5> (1)
DELLAM truncated

where LAMCL is the wavelength of the line center, and the characteristic of
Tortran IV to convert real numbers into integer numbers by rounding down
(truncating) has been used.

Theoretically, each line makes a contribution to the spectrum at all
wavelengths. B@OmlmmedﬂﬁmmeﬁmthEmﬁecamaykmwwaytMecmp
tribution of the line to the spectral intensity is very small. Therefore,
computer run time can be reduced considerably, with slight loss in accuracy,
by adding each line into the spectrum for only a limited distance from the
line center. In the program, this distance is specified by RANGE, in terms
of a given number of line widths.

T RANGE is input as zero (or the card field is left blank) then RANGE
is set as follows: For a pure Gaussian line profile, the spontaneous -~emission
intensity is less than 10711 of the peak line intensity only three line widths
from the line center. Therefore, RANGE = 3.0 is considered adequate for this
case. For a Lorentzian or Voigt line profile the intensity in the wings is
much stronger than for a Gaussian profile, and RANGE is increased to 5.0 for
these cases. This limitation results in approximately 5 percent of the spon-
taneous integrated lntensity being excluded from the computation for a pure
Lorentzian line profile.

The number of entries in the FLAM(M) array from the location defined by
NCENTR, to which contributions from & given line are added, 1s

10



RANGE -WIDTHV
ST 1.#)1 (2)
Ttruncated

NSPRED =

The array indices that define the first (NSTART) and the last (NEND)
entries in the ELAM(M) array to which a contribution from a line is added is

NSTART

1l

NCENTR - NSPRED (3)

NEND

NCENTR + NSPRED (L)

These indices provide limits for a simple DO loop, involving the line-profile
expression (see refs. 7 and 8), which adds the contributions from each line
to the correct locations in the ELAM(M) array, and hence forms the
spontaneous -emission spectrum. In partial Fortran IV notation, the line-
profile expression from reference 8 can be written

-2.772-CSPRD3% . CSPRD2
1 + L4-CSPRD3Z

ELAM(M) = E[CSPRDl ‘e

. 2.25
n 0.0l6-CSPRD2<l - %——-%><;O'h CSPRD3 i 10.0 >}
10 + CSPRD32*25

where E 1is the integrated spontaneous emission of the line and

(5)

[1~ (WIDMHL/WIDTHV)]-104

SPRDL =
CSFRDL WIDPHV[1.065 + O.4h7(WIDIPHL/WIDIHV) + 0.058(WIDIHL/WIDIHV)Z] (6)
(WIDIHL/WIDTHY) - 10%
CSPRD2 = = (7)
WIDTHV[1.065 + O.k4l7(WIDIHL/WIDIHV) + 0.058(WIDTHL/WIDIHV)=]
CSPRD3 = o - LAMCL ! (8)

WIDIHV

LAMBDA is the wavelength at which the spectrum is computed

= TAMMIN + (M - 1)-DELIAM (9)

Intensity Factor
The first major step taken in the program for any spectral computation

is to generate the spontaneous-emission spectrum as outlined above. When
spontaneous emission from a cold gas 1s computed, however, the intensities are

11



numerically small because of the low concentration of molecules in the upper
state. The expression for the number of molecules in the upper state 1s
given by (see ref. T)

hc Te' . G_l . Ft
"k \Telect Tvip Trot
Ndy (2Tt + 1)e

Ny, 3 (10)

The exponent will be a large negative number for high term energles and/or
low temperatures. For example, in the case of the ATl state of CO at room
temperature, the electronic and vibrational part of the exponent 1s approxi-
mately -300. The computer cannot recognize numbers less than 10738 = ¢787.5
and simply equates all nunbers less than this value to 0.0. Therefore, a
straightforward application of the above equation to CO(M+) at room
temperature would produce meaningless numbers.

To overcome this computer-caused limitation, an intensity factor is
introduced as follows:

T i i t
—-1-11;_"-< e .G +Ft>+2.30259-cmr3

T Tvip T
_ CINT3 Ndu(EJ‘ + 1)e elect “+vib “ro
Ny = Nu~lO = ) (ll)

where

(s
k \Telect Tyvib

2.30259

CINT3 = (12)

truncated

From these expressions, it is clear that CINT3 is an even power of 10 that
adjusts the numerical value of Ny into a numerically acceptable regime.
Results that include the intensity factor are obviously in error by this fac-
tor and it must be removed before the results can be used. When numbers
reflecting only spontaneous emission are printed, the correction is applied st
the time of printing. For example, suppose an exact intensity of 3.5x10‘l78
should have been computed, but an intensity factor of 107179 was applied. The
value found by the program is, therefore, 3.5x1078, but is printed as
3.5x1078x107170, In printer notation this appears as 3.500E-08-170. The
intensity factor is printed by using the Hollerith array, IFACTR, so that,
when the intensity factor is zero, blanks will appear on the printed output
rother than zeros. When the Mtrue" spectrum is computed, the intensity factor
is removed from the calculation at the time the absorption coefficient is
computed and no further correction is necessary.

12



Maximum Rotational Quantum Number (KMAX)
A rotating molecule develops a centrifugal force that distorts the poten-

tial well. If the nonrotating potential well is described by a Morse poten-
tial, then the rotation-dependent potential is given by (see ref. 9)

_— Del:l ) e—B(R-Re)]2 L BE(K + 1) (13)

8xZcuR®
where
/2
B = (2ﬂ2CM/D h)l w
© e (1k)
M = reduced mass, g

The effect of rotation on the potential well can be seen by the curves in
figure 3 for HgH taken from reference 9. The molecule will dissociate when
the vibrational plus rotational energy equals or exceeds the rotation-induced
local meximum in the potential well.® The sum of the vibrational and
rotational energies is given by

E = we(v + 1/2) - ‘*’exe(v + 1/2)2 + we.Ve(V + 1/2)3 + ‘*’eze(v + 1/2)4

+ ByK(K + 1) - DX3(K + 1)® (15)

Therefore, once a vibrational level has been specified, an iteration scheme is
required to find KMAX from equations (13) and (15).

The energy of the local maximum can be found from equation (13) if the
rotational quantum number and the internuclear distance (R) at that point are
known. The internuclear distance at the local maximum is found for a speci-
fied value of K by differentiating equation (13) and equating it to zero,
that 1is,

auy _ -B(R-Re)] -B(R-Re)  omK(K + 1) _
== EDeB[l - e ]e - Erams O (16)

For numerical solution, this equation is rewritten as

r(r) = 51 - o PR BRAE) L D) _ (17)

8rZchD B

and is illustrated in figure L.

1In fact, some predissociation will occur at lower energies due to a
wave mechanical passage through the potential barrier, but this effect is
ignored in the present program.

13



The value of R at the local maximum, R', is found by stepping R from
its equilibrium value (Re) by fixed increments (0.1x1078 cm) until f£(R)
exceeds and then falls below g(K); R!' is then found by interpolating to
£(R) = g(k). If £(R) passes its maximum before g(K) is reached, the rota-
tional quantum number 1s too large and rotational dissociation would have
occurred. A local maximm in the potential well does not exist in this case
(see curve for K = 40 in fig. 3), but a value of R at or near the peak of
the f(R) curve is chosen for the iteration.

Once the internuclear distance for the local maximum is found (at the
specified rotational gquantum number} it is combined with the vibrational quan-
tum number to compute the values of U and E from equations (13) and (15).
When the iteration has converged, U will be nearly equal to E, and hence
the difference U - E 1is a good criterion to guide the iteration process.

A representative plot of U - E as a function of K 1is shown in figure 5.
The desired iteration point is obviously the first root of this functlon.

The first iteration is begun with K = 50, and the associated value of
R' 1is found as outlined above; K is then increased in increments of 20,
holding R fixed until U < E. Then, by interpolating to U - E = O, a new
value of K is found for the second iteration. A new value of R' 1s found
from the new K value, which, in turn, leads to new values of U and E. The
new values of U, E, and K, and the prior values of U, E, and K, are used
to extrapolate to U - E = 0, which determines the next value of K. This
process 1s continued until the value of K does not change during an
iteration. KMAX is then set equal to this value of K.

The iteration process is very fast, requiring only three or four itera~
tions to converge to the maximum allowed value of K. KMAX values computbed
in this manner for Os are in good agreement with the results of reference 10.

The maximum allowed rotational quantum number is found for both the
upper and the lower vibrational levels. The value of KMAX used in the pro-
gram is the minimum of the upper state value, the lower state value, and the
input value if one is specified. If the dissociation energy of an electronic
level is not known, KMAX cannot be found for that level., If KMAX cannot be
found for either level and a value is not input, the program arbitrarily sets
KMAX = 150; experience has found this to be a reasonable value except for the
halides.

Constants Used in Rotational-Structure Subroutines
(a) Subroutine ZERO

The line-strength expression used for these transitions
(i.e., > %, I -1, etc.) is (see ref. T7)

S = KU + CSTR (18)

where
CSTR = for the R Tbranch
CSTR = 1 for the P TDranch

1
O
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(b) Subroutine ONE

The line-strength expressions used for these transitions
(i.e., T, I3, I-A, ete.) are (see ref. 7)

(KU + 1 - SIGN-CAPLU) (KU + 2 - SIGN-CAPLU) (19)
5(p) = (KU + 1)
s(Q) = (KU + SIGN-CAPLU)(QKUEK[(JK:-I i)i})m + 1 - SIGN-CAPLU) (20)
S(R) = (KU + SIGN-CAPLU) (KU - 1 + SIGN-CAPLU) (21)

KU

For AA = +1 transitions (i.e., I - %, A~ 1, etc.)
SIGN = +1
For AA= -1 transitions (i.e., &~ 1, I » A, etc.)
SIGN = -1
(c) Subroutine S2 PI2
The wave number (NUBAR) of each rotational line for these transi-

tions (i.e., 22 <> 2M) is defined by the equations in reference 9, page 232,
or reference 7. In partial Fortran IV notation, the wave number is

-
NUBAR = NUBARO + BVUL(JU + 0.5)2 - CAPIU®

SIGNUL

-

Ju(JU + 0.5)% - 4-YU-CAPLUZ + (YU-CAPLU)‘E]

- BVL[(JL + 0.5)2 - capri®

SIGNU2
+-——o—-—-—-—

> JU(IL + 0.5)2 - neyr-capri? + (YL'CAPLL)E} (22)

The line-strength expression for each branch (see ref. 11, or ref. 7)
is given by one of the following general expressions

2
_ (23 + 1)7 + sTENS1-(2T + 1)-U-(MJ2 + 4T + CONSTL + 2Y-SIGNS2)

s
* 16(J + CONST2)

(23)
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1) - SIGNS1.U-(83° + 127% - 2J + CONST3 + 2Y-SIGNS3)]

(274 DL + b3

52 65(7 + 1)
(2k)
where
U= [Y2 -4y + (27 + )32 (25)
T = JU and Y = YU = CAPAU/BVU  for 2l - °% transitions

J = JT, and ¥ = YL = CAPAT/BVL,  for % - -1 transitions

I
1]
i

The values of the constants in these expressions can be determined from
references 9 and 11, and are tabulated in table I.

Integration in INTRVL and SLIT Subroutines
(a) Subroutine INTRVL

Subroutine INTRVL computes integrated intensities between the
specified wavelengths LAML and LAM2. The int=gration is, simply,

TAM?
TOTALI = [ ETAM- dA (26)

A sketeh to help clarify the notation used in the program is given in
figure 6. The integration proceeds by assuming a linear variation of the
spectral intensity bebween points in the array.

(b) Subroutine SLIT

Subroutine SLIT computes the output signal that would be recorded
by an instrument measuring intensities equal to the computed spectrum. The
instrument sensitivity is input by specifying the slit function and the
absolute calibration. The slit function can be specified by a normalized
Gaussian expression or by a series of linear segments. These two alternatives
are illustrated in figure 7. In the case of a nonsymmetrical slit, as shown
in figure 7(b), LAMCT, is difficult to specify meaningfully. The width of the
linear segment slit is defined as

| rsrEz-an

WIDTH = —my (27)

The instrument absolute calibration is input as a single factor, if the
instrument is a fixed wavelength radiometer, and as a function of wavelength,
if the instrument is a grating spectrograph or a scanning spectrometer
(referred to hereafter as a scanning slit). A representative calibration
curve (RIAM(M)) for a scanning slit is shown in figure 8.

16



The integration to yield the instrument output signal at a given wave-
length is

RSLIT-RLAMCL - ELAM

C*WIDTH d7\ (28)

SIGNAL =

slit
functio

where RLAMCL is either the calibration factor for a fixed wavelength slit or
the local value of the calibration function for a scanning slit and,

c=1.0 for a linear-segment slit function

Q
t

1.065 for a Gaussian slit function

The integration at a given wavelength is illustrated in figure 9. For a
scanning slit, the integration 1s performed repetitively at wavelength inter -
vals given by STEP from LAMS1 to LAMS2. Only 500 locations have been reserved
in the computer for storing SIGNAL as a function of wavelength. However,
after this storage is filled, the data are printed, permitting the storage to
be used again for the next 500 points. Therefore, there is no limit to the
number of instrument-output points that can be computed. The primary purpose
of printing the data in 500 point blocks is to facilitate adding a
machine-plotting option.

PROGRAM USAGE

The program is written in the Fortran IV computer language. It operates
at Ames Research Center on an IBM 7094 computer as an overlay job, under the
IBJOB Processor of the IBSYS Operating System, version 13.

A simplified flow chart of the main program, illustrating the step-by-
step flow through the program, is shown in figure 1. The primary method used
to control the sequence of operations is the presence or absence of data in
various fields of certain data cards. The inset table in figure 1 lists the
data cards that are tested and the data fields that are filled for each card
type. Clearly, by testing for blanks (or zeros), the card type can be
selected. At the end of each case, control is transferred back to the begin-
ning of the program to read in the next case. There is no limit to the
number of cases that can be "stacked."

17



Origin

Link

Name

Deck Makeup

Description

ALPHA

ALPHA

ALPHA

ATPHA

ALPHA

ALPHA

ALPHA
ALPHA

ALPHA

ALPHA

ALPHA

18

10

11

MATN

BLOCK DATA
SKTIP

ILAMDA

SETUP

VU VL

ZERO

ONE

52 PI2

ATOMIC
PRINT

INTRVL

SLIT

GROWTH

Initializes factors for each case, directs logic
to the appropriate subroutines, and solves the
radistive-transport equation

Fills array OUTPUT

Positions data tape to start of desired file.
User must provide this subroutine. (When called
from SETUP it skips to the start of the next
file, when called from VU VL it returns to the
start ‘of the present file.)

Tnitializes the ILAM array with the specified
incident radiation and initializes the ELAM
array to 0.0

Reads the molecular constants, computes the
partition function, and determines the appro-
priate transition subroutine to generate

the intensities

Computes and reads vibrational band constants,
determines the maximum rotational quantum number,
and finds the intensity factor

Computes parallel transitions for diatomic
molecules

Computes perpendicular transitions for diatomic
molecules

Computes doublet sigma to doublet pi transitions
(or vice versa) for diatomic molecules

Computes the electronic transitions for atoms

Tabulates spectral intensity vs. wavelength on
the written output

Computes integrated intensities between speci-
fied wavelengths

Computes the output signal given by a specified
instrument sensitivity

Computes the curve-of-growth

Tapes

Logical tape number Usage

>
6

9

Input
Output

Spectroscopic data tape.
BCD format, 800 bits/inch.



Program Input

A complete description of all required data cards is given in appendix C.
Clearly, for the program to function properly, a great many values must be
specified correctly. To reduce the probability of costly human errors, the
spectroscopic constants and Franck-Condon factors for 18 diatomic band systems
are stored on magnetic tape. A listing of this tape is given in appendix D.
The tape can be easily extended to include additional band systems.

The program logic is such that all spectroscopic constants for a given
band system must be read from the tape, or all must be read from data cards.
If the spectroscopic constants are read from the tape, then the Franck -Condon
factors may also be read from the tape. However, because Franck-Condon fac-
tors are generally more uncertain than the spectroscopic constants, the option
exists to override the Franck-Condon factor on the tape by specifying the
desired value on the appropriate data card.

Computer Run Time
The time to run a single case on the computer is controlled primarily by

the time required to generate the spontaneous-emission spectrum. Therefore,
the computer run time can be estimated approximately by

Time = c-n.RANGE.(WIDIHV/DELIAM), minutes (29)
where
c constant found from experience with a given computer,
5.8x107° minute/line for the ARC IBM 7094
n total number of lines included in the computation

Error Flags

Tests are made at many strategic locations throughout the program to
insure that obvious errors are not present in the data. If an obvious error
is found, an appropriate statement is printed. If an error is found in the
data for the externally incident radiation, the program skips to the next
case. If an error is found in the data for a band system, the program trans-
fers control to the PRINI subroutine, which prints, in tabular form, the
spectrum computed to that point, and then skips to the next case. If an
error is found in the data for a vibrational band, an appropriate statement
is printed, and the band is omitted from the calculation. However, in this
case, the solution will continue.
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Sample Case

The sample case presented is intended to illustrate the general format
of the printed output. Therefore, only a few of the program options are
included. A complete checkout of all program options and error flag state-
ments has been made, but such an extensive checkout does not seem appropriate
for this report. The sample case selected for presentation is the CN(red) and
atomic-nitrogen computation shown in figures 7(a) and 7(b) of reference 7.
The printed output for this case 1s shown in appendix E. Considerable care
has been taken to output all input data used in the computation and to clearly
identify each of them. Standard spectroscopic nomenclature from reference 9
has been used where appropriate. Where this was not possible, more complete
statements have been printed.

The heading on the printed output is composed of the information placed
on the three title cards plus a statement of the spectral range of the com-
putation and the wavelength interval between computation points. Following
the heading, each molecular band system and atomic system specified is
printed. The spectroscopic constants and thermodynamic conditions specified
for each system are also printed, in addition to the computed values of the
spontaneous -~emission intensity.

The integrated intensity listed for each branch is the sum of the spon-
taneous emission from all rotational lines between KMIN and KMAX that fall
within the spectral range of the computation. BAND TOTAL is simply the sum
of the branch intensities. APPROXIMATE BAND TOTAL is computed by assuming
that all the band radiation occurs at the band origin (see equation IV-7k on
page 200 of reference 9) and is normally within 30 percent or less of the
BAND TOTAL. A larger difference is shown here because most of the rotational
lines fall outside the spectral range specified and, therefore, are not
included in the BRANCH and BAND TOTAL values. After the vibrational bands
specified for a band system have been computed, the integrated spontaneous
emission from the entire system, SYSTEM TOTAL, is found by summing the BAND
TOTAL values. In the sample case, only one band is specified so that SYSTEM
TOTAL = BAND TOTAL. The output for the atomic-nitrogen lines illustrates a
format similar to, but somewhat simpler than, that for the band systems.
After the last molecular or atomic system has been completed, the sum of the
integrated spontaneous emission from every rotational and atomic line that
fell within the spectral range 1s printed.

Once the computation of the spontaneous-emission spectrum is complete,
for a case or a layer, cards are read that specify whether an optically thin
spectrum is desired, or whether the "true" spectrum given by the equation of
radiative transfer is desired (see discussion in ref. 7). For this sample
case, a "true" spectrum is specified for a radiating gas depth of 1.0 cm, and
it is tabulated on the printed output. Only a partial tabulation is
presented.

The final program option illustrated by this sample case is the spectrum
as it would appear if recorded by a grating instrument. The slit function
and spectral calibration assumed for the calculation are shown on the printed
output, and in figure 7(b) of reference 7. The instrument sensitivity at any
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wavelength is given by the product of these functions. The instrument output
signal is found by integrating the product of the instrument sensitivity and
the spectral intensity. A partial tabulation of the output signal as a func-
tion of wavelength is shown on the printed output, and can be compared with
figure 7(a) of reference 7.

CONCLUDING REMARKS

The computer program presented is applicable, to some degree of approxi-
mation, to any "allowed" diatomic or atomic electronic transition. The pro-
gram computes a ™true" spectrum by using the equation of radiative transfer,
which accounts for spontaneous emission, induced emission, absorption, and
externally incident radiation. Considerable care has been taken to make the
program easy to read and apply. ©Since standard spectroscopic notation is
used and abundant comment statements are provided within the actual program
listing, the user should be able to understand the program and not be forced
to exhibit faith in a "canned" routine. In addition, the program was
designed to enable additional subroutines to be added with only minor modifi-
cations to the main program. Likely candidates for addition to the program
are subroubines to compute the free-free and free-bound continua.

Ames Research Center :
National Aeronautics and Space Administration
Moffett Field, Calif., 94035, Dec. 2, 1968
124 -07 -01-15-00-21
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APPENDIX A

LISTING OF PROGRAM STATEMENTS
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$J0OB DEBUG ARNOLD HFO750R2812 20000 4.0 2821 SEPT 19» 68 19
$IBJOB BASIC

$DECK DUMO3
$DECK DUMO4
$DECK DuMo7
$DECK DuUMO8
$DECK DuM10
$DECK DUM11
$DECK DUM12

$IBFTC HFO750
C  MAIN PROGRAM

C INITIALIZES FACTORS FOR EACH CASEs DIRECTS LOGIC TO THE APPROPRIATE
C SUBROUTINESs AND SOLVES THE RADIATIVE TRANSPORT EQUATION.

COMMON/CPLOT/LAMMIN,LAMMAX'DELLAM:NARRAYyCXNT3-FACTRK(5)
COMMON/CARRAY/ILAM( 9000),ELAM( 9000)
COMMON/CREAD/READI’READZyREADB,READh,READByREAD6
COMMON/CBANDl/ALPHAU,BEU,BETAUyCAPAU:CAPLU:DEU’DZEROUoREU'TERMU,
1 ALPHAL,BEL;BETAL»CAPAL,CAPLL,DEL»DZEROL.REL:TERML
COMMON/CBANDZ/WEU!WEXEU!WEYEU!WEZEU!BVU.DVUIDEGENU,MU'ALTNAT’
1 WEL s WEXEL sWEYEL »WEZEL»BVL,DVLs NUSPIN
COMMON/CTEMP/TELECT s TVIB»TROT

COMMON/CWIDTH/WIDTHL s WIDTHV s RANGE .
COMMON/CTRAN/PARTCC,NUBARO;Q,AOE;CINTl,CINTZ»KM]N,KMAX
COMMON/CEXTRA/INDEX’NFILE;SYSTEM;TOTAL:OUTPUT(12)

DIMENSION TITLE(36)

REAL TLAMSLAMMAX s LAMMIN sMU s NUBARO s NUSP TNy LAMBDA
LOGICAL NEWCAS

DATA BLANK/6H /s PRINTS/6HPRINT /s CASE/4HCASE/

¢ READ THE FIRST CONTROL CARD IN EACH CASE. IF FIRST & COLUMNS DO NOT SPELL
C CASEs READ THROUGH TO THE NEXT CASE.

10 READ (55505) SEARCH
IF (SEARCH .EQ. CASE) GO TO 20
GO 1O 10

¢ INITIALIZE RUNNING SUMSs CONSTANTSs AND FLAGS FOR THE NEW CASE.
20 TOTAL=040

SYSTEM=040

DEPTH=040

CINT3%0.0

DO 30 M=1,5
C OUTPUT(11) IS A BLANK CHARACTER SET IN BLOCK DATA.
30 FACTRI (M)=OUTPUT(11)

NEWCAS= «FALSEe
C READ TITLE CARDS FOR THIS CASE.

READ(55500) (TITLE(M)sM=1536)
C PRINT TITLES ON WRITTEN OUTPUT.

WRITE (65600) (TITLE(M)sM=1536)

C READ WAVELENGTH RANGE FOR CALCULATION AND WAVELENGTH INTERVAL BETWEEN
C POINTS IN THE COMPUTED SPECTRUM.

READ(55501) LAMMIN,LAMMAXDELLAM

C TEST DELLAMe IF IT 1S TOO SMALL TO ALLOW COVERAGE FROM LAMMIN TO
C  LAMMAX WITH 9,000 ENTRIES IN THE ARRAYs INCREASE DELLAM.

IF ( {LAMMAX—LAMMIN)/DELLAMJGT. 8999¢) DELLAM= (LAMMAX-LAMMIN) /8999
NARRAY=141 +(LAMMAX~LAMMIN)/DELLAM

¢ ADJUST LAMMAX TO MAKE IT AN EVEN INCREMENT OF DELLAM AND WRITE GENERAL
¢ HEADING FOR THIS CASE.

ARRAYN=NARRAY
LAMMAX=LAMMIN +{ARRAYN=140)*DELLAM
WRITE(65s602) LAMMIN,LAMMAX sDELLAM

C SUBROUTINE ILAMDA INITIALIZES THE ILAM ARRAY WITH THE SPECIFIED

C INCIDENT RADIATION AND INITIALIZES THE ELAM ARRAY TO 0e0.

C IF NEWCAS = +TRUE.s AN ERROR WAS DETECTED IN THE INCIDENT SPECTRUM
C AND THIS CASE WILL BE OMITTED.

CALL ILAMDA (NEWCAS)
IF (NEWCAS) GO TO 10
GO TO 50

Cmmm

C STATEMENT 40 IS A KEY READ STATEMENT IN THE PROGRAM. REQUIRED
C INFORMATION IS READ AND THE PROGRAM TESTS WHICH FIELDS HAVE DATA
C TO DETERMINE WHAT SHOULD BE DONE NEXT. WHEN RETURNING FROM THE
C  ILAMDA OR ATOMIC SUBROUTINES, THIS CARD HAS ALREADY BEEN READ.

C THE FOLLOWING TABLE DEFINES THE FIELDS THAT ARE FILLED FOR
C FEACH CARD TYPE.



C CARD TYPE READ1 READ2 READ3 READ4 READS READ6
C  (COLUMNS) 1-10 11-20 21-30 31-40 41-45 67-72
C (TYPE FIELD} E10.0 El0.0 E10.0 E10.0 F5¢0 A6

C VIBRATIONAL

C BAND vu Vi KMIN KMAX

C BAND (IF ON CARDS)

C  SYSTEM PARTCC TELECT TviB TROT (INDEX NAME
C  ATOMIC PARTITION

C SYSTEM ATOMCC TELECT FUNCT ION-Q NAME
C CURVE OF

C  GROWTH LAM1 LAM2 GROWTH
C RADIATIVE

C  TRANSPORT DEPTH LAYER
C  PRINT

C SPECTRUM PRINT
C  DONT PRINT

C  SPECTRUM NONE
40 READ(55502) READ1sREAD2sREAD3,READ4READS sREADG

C  WHAT CARD TYPE HAS BEEN READ.
C IS THIS A VIBRATIONAL BAND.
50 IF(READ6 +EQe. BLANK) GO TO 70
C IS THIS A BAND SYSTEM.
IF (READ4 oNE. 040) GO TO 60
C IS THIS AN ATOMIC SYSTEM.
IF (READ3 «NE. 0.0) GO TO 110
C THE SPONTANEOUS EMISSION SPECTRUM FOR THIS CASE OR LAYER IS COMPLETE.
TOTAL=TOTAL+SYSTEM
IF (TOTAL +EQe 040) GO TO 55
IF (SYSTEM oNEe 0e¢0) WRITE(65606) SYSTEMy(FACTRI(M)sM=1,5)
WRITE(6+607) TOTAL, (FACTRI (M} sM=1,5)
SYSTEM= 0.0
TOTAL= 00
C IS THIS A CURVE OF GROWTH CALCULATION.
55 IF (READZ «NEs 0.0) GO TO 115
C IS THIS A RADIATIVE TRANSPORT CALCULATION.

IF (READ1 «NEe¢ 0.0) GO TO 120

GO TO 160
C -
C TRANSFER CONTROL TO THE APPROPRIATE SUBROUTINE.
C  SUBROUTINE SETUP READS THE MOLECULAR CONSTANTS, COMPUTES THE PARTITION
C FUNCTIONs AND DETERMINES THE APPROPRIATE TRANSITION SUBROUTINE TO
C GENERATE INTENSITIES DUE TO SPONTANEOUS EMISSIONs IF NEWCAS = .TRUE. AN ERROR
C WAS DETECTED IN THE MOLECULAR CONSTANTS AND THE REMAINDER OF THIS
C CASE WILL BE OMITTED.
60 CALL SETUP (NEWCAS)
IF (NEWCAS) GO TO 180
GO TO 40

C  SUBROUTINE VU VL COMPUTES AND READS VIBRATIONAL BAND CONSTANTS
C AND DETERMINES THE MAXIMUM ROTATIONAL QUANTUM NUMBER AND THE INTENSITY
C FACTOR.

70 CALL VU VL (SKIPVV)
IF (SKIPVV «NE. 0.0} GO TO 40
GO TO (805905100} s INDEX
C SUBROUTINE ZERO COMPUTES PARALLEL TRANSITIONS FOR DIATOMIC MOLECULES,.

80 CALL ZERO
GO TO 40

C SUBROUTINE ONE COMPUTES PERPENDICULAR TRANSITIONS FOR
C DIATOMIC MOLECULES.

90 CALL ONE
GO TO 40

C SUBROUTINE S2 P12 COMPUTES DOUBLET SIGMA TO DOUBLET PI TRANSITIONS
C (OR VICE VERSA) FOR DIATOMIC MOLECULES.

100 CALL s2PI2
GO TO 40

C SUBROUTINE ATOMIC COMPUTES ELECTRONIC TRANSITIONS FOR ATOMS.
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110 CALL ATOMIC
GO TO 50

C THIS IS A CURVE-OF=-GROWTH CALCULATION.

115 CALL GROWTH
DEPTH= 0.0

C RE-INITIALIZE THE ILAM ARRAY TO ENABLE A SEPARATE RADIATIVE TRANSPORT

C CALCULATION IF SPECIFIED.

DO 117 M=1,NARRAY
117 ILAM(M) =040
GO TO 40

- W
C THIS IS A RADIATIVE TRANSPORT SOLUTION. GENERATE THE ILAM ARRAY.

120 DEPTH =READ1
WRITE(6+608) DEPTH
DO 130 M=1,NARRAY.
IF(ELAM(M) «LE+ 140E~36) GO TO 130
COUNT=M
LAMBDA= {LAMMIN +(COUNT~140)*DELLAM)*1,0E-8
BLAM=1-190“E-16*EXP(—1-63879/(LAMBDA*TELECT))/(LAMBDA**S*

1 (140-EXP{~-1+43879/ (LAMBDA*TELECT))))
CILAM1=ALOG(8.40032E+15*LAMBDA**5*(1.0-EXP(—1.63879/
1 (LAMBDA*TELECT})))

CILAM2=ALOG(DEPTH)
CILAM3=ALOG(ELAM(M))
CILAMkt1o63879/(LAMBDA*TELECT)-2-30259*ClNT3+CILAM1¢CILAM2

1 +CILAM3
IF (CILAM4 «GTe 8740) CILAM4=87.0
CILAM4=EXP (CILAMA)
TLAM(M) =BLAM=(BLAM=ILAM(M} ) *EXP (~CILAM4)
130 CONTINUE

C THE ILAM ARRAY HAS BEEN GENERATED FOR THIS LAYER.
C INITIALIZE THE INTENSITY FACTOR AND ELAM ARRAY FOR THE NEXT LAYER.

CINT3=0.0
DO 140 M=1,5
140 FACTRI(M)= OUTPUT(11)
DO 150 M=1,NARRAY
150 ELAM(M)=040
GO TO 40
Cmmm

THE CALCULATION OF THE FINAL SPECTRAL INTENSITY ARRAY 1S FINISHED.
COMPLETE THE SOLUTION FOR THE OUTPUT OPTIONS DESIRED.

IF THIS 1S A RADIATIVE TRANSPORT SOLUTION, TRANSFER THE VALUES OF
ILAM INTO THE ELAM ARRAY FOR CONVENIENCE IN LATER MANIPULATION.

[aXaXaXal

160 IF(DEPTH +EQs 0.0) GO TO 180

DO 170 M=1sNARRAY
170 ELAM(M)=TLAM(M}
C GENERATE WAVELENGTHS AND STORE THEM IN THE ILAM ARRAY.
180 DO 190 M=1sNARRAY

COUNT=M

190 TLAM(M)=LAMMIN +(COUNT=14+0)*DELLAM

IF (NEWCAS) GO TO 200
C 1S THE SPECTRUM TO BE TABULATED.

IF(READ6 oNEe PRINTS) GO TO 210

C  SUBROUTINE PRINT TABULATES SPECTRAL INTENSITY VERSUS WAVELENGTH ON
C THE WRITTEN OUTPUT.

200 CALL PRINT(NEWCAS)
IF (NEWCAS) GO TO 10

C READ A CARD WHICH SPECIFIES THE NUMBER OF INTERVALS AND THE NUMBER
C OF SLITS TO BE CONSIDERED.
210 READ(5+503) NINTRVSNSLIT

C  SUBROUTINE INTRVL COMPUTES INTEGRATED INTENSITIES BETWEEN SPECIFIED
C  WAVELENGTHS.

IF (NINTRV oNE. 0) CALL INTRVL(NINTRV}

¢ SUBROUTINE SLIT COMPUTES THE OUTPUT SIGNAL GIVEN BY A SPECIFIED
C  INSTRUMENT SENSITIVITY.

IF (NSLIT oNEe. 0) CALL SLIT(NSLIT)

GO TO 10
C——

C FORMATS FOR READ STATEMENTS.



500
501
502
503
504
505

FORMAT(12A6)
FORMAT(3E10.0)
FORMAT(4E10405F540521X5A6}
FORMAT(215)
FORMAT{4E1043+26X5A6)
FORMAT (1A4)

C FORMATS FOR WRITE STATEMENTS.

600
601
602

606
607
608

FORMAT(1H1529X512A6/30X912A6/30Xs12A6)

FORMAT(31X5,12A6)

FORMAT(//21Xs27HTHE SPECTRUM COMPUTED FROM #sFBa294H TO sF842s

1 14H ANGSTROMS AT »F6e3,19H ANGSTROM INTERVALS//})
FORMAT(103X912HSYSTEM TOTAL»1Xs1PE10e445A1)

FORMAT(/80X+s35HTOTAL OF ALL INTEGRATED INTENSITIESs1X»1PE1O0«4s5A1)
FORMAT(//24Xs73HTHIS IS A RADIATIVE TRANSPORT SOLUTION, DEPTH OF A
1BOVE RADIATING LAYER ISsF9e344H CMe//)

END

L R R R R R R R R R R )

$IRFTC HFO75A

[aXaKa}

BLOCK DATA

BLOCK DATA SUBROUTINE IS USED TO LOAD HOLLERITH INFORMATION INTO THE
ARRAY»s OUTPUT(12)e THIS ARRAY 1S USED TO BUILD THE ARRAY FACTRI(5)
FOR PRINTING THE INTENSITY FACTOR.

COMMON/CEXTRA/INDEXsNFILEsSYSTEM, TOTAL »OUTPUT(12)

DATA (OUTPUT(M) sM=1512)/1H0s1H191H291H391H4s1H5»1H6»1HT s IHB»1HI»
1 1H »1H=-/

END

LR R R R

$IBFTC HFO75N

SUBROUTINE SKIP(I,K)

C SUBROUTINE SKIP POSITIONS THE SPECTROSCOPIC DATA TAPE (TAPE 9) TO THE
C PROPER FILEe

WRITE (65700)
STOP

C FORMAT FOR ERROR STATEMENT.

700

FORMAT(/30Xs48HTHE COMPUTATION WAS TERMINATED BECAUSE THE USER

1 23HHAS NOT SUPPLIED A SKIP/
2 30X s46HSUBROUTINE TO POSITION THE SPECTROSCOPIC DATA »
3 24HTAPE TO THE PROPER FILE«//)

END

B e e e R R R R R R R R R R R e e A R

$ORIGIN ALPHA
$IBFTC HFO75B

C
C

C
C

C
C

SUBROUTINE ILAMDA (NEWCAS)

SUBROUTINE ILAMDA INITIALIZES THE ILAM ARRAY WITH THE SPECIFIED
INCIDENT RADIATION AND INITIALIZES THE ELAM ARRAY TO 0.0.

COMMON/CPLOT/LLAMMIN, LAMMAX s DELLAM4 NARRAY s CINT3,FACTRI(5)
COMMON/CARRAY/TLAM( 9000} sELAM( 9000)
COMMON/CREAD/READ1sREAD2sREAD3 s READ4sREADS59READS

COMMON/CBAND1 /ALPHAU s BEUsBETAU s CAPAUsCAPLUDEUsDZEROUREUs TERMUYS

1 ALPHAL ,BEL sBETAL s CAPAL s CAPLL sDEL »DZEROL sREL s TERML
COMMON/CBAND2 /WEU s WEXEUSWEYEUsWEZEUsBYUSDVUsDEGENU »MUs ALTNAT »
1 WEL sWEXEL sWEYEL sWEZELsBVLsDVL, NUSPIN

COMMON/CTEMP/TELECT,»TVIBsTROT
COMMON/CWIDTH/WIDTHL s WIDTHV s RANGE
COMMON/CTRAN/PARTCCsNUBARO »Qs AOESCINT1sCINT2sKMINSKMAX
COMMON/CEXTRA/INDEXsNFILE»SYSTEMy TOTAL »OUTPUT(12)

REAL ILAMsLAMMAX sLAMMIN
LOGICAL NEWCAS
DATA BLANK/6H

INITIALIZE VALUES SO THAT THE ILAM ARRAY CAN BE SET TO 0.0 IF AN INCIDENT
SPECTRUM IS NOT SPECIFIED.

ELAM{ 1)=LAMMIN
ELAM{ 2)=LAMMAX

ELAM(5001)=040
ELAM{50021=040

NLAM==1
NILAM=4999
NOILAM= O

READ THE VALUES OF THE INCIDENT RADIATION VERSUS WAVELENGTH AND STORE
THEM TEMPORARILY IN THE ELAM ARRAY.
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10 READ(5,500) READ1,READ2sREAD3,READ4»READS»READS

IF(READ6 «NE. BLANK)} GO TO 20

NOTLAM= 1
NLAM=NLAM+2
NILAM=NILAM+2
ELAM(NLAM}=READ]
ELAM{NILAM)=READ2
ELAM{NLAM+1)=READ3
ELAM(NILAM+1)=READ4
GO 70 10

20 NLAM=NLAM+1
IF(NLAMeNE«O) GO TO 25
M1=1
GO TO 50

25 IF (ELAM(NLAM) +EQe 040) NLAM=NLAM-1

C  PRINT SPECIFIED INCIDENT RADIATION.

WRITE(64600)
DO 30 M=1,NLAM
30 WRITE(65601) ELAM(M) sELAM(M+5000)

[a}

TEST WAVELENGTHS OF THE INITIAL ILAM VALUES.

C THE LAST WAVELENGTH MUST BE EQUAL TO OR GREATER THAN LAMMAX.
C  THE FIRST WAVELENGTH MUST BE LESS THAN OR EQUAL TO LAMMIN.
C SET THE INDEX M1 SO THAT LAMMIN 1S BOUNDED BY THE APPROPRIATE ELAM ELEMENTS.
C  WAVELENGTHS MUST INCREASE MONOTONICALLY.

IF(ELAM(NLAM) oLTe LAMMAX) GO TO 80

M1=0
35 IF(ELAM(M1+1) «GTe LAMMIN) GO TO 38

M1=M1l+1

GO TO 35
38 IF(M1 +EQe 0) GO TO 80

DO 40 M=2,NLAM

IF (ELAM(M) o.LEs ELAM{M-1)) GO TO 80

40 CONTINUE

C INITIALIZE THE ILAM ARRAY.

50 DO 60 M=14NARRAY
COUNT=M
ILAM(M)=ELAM(M1+5000) +(ELAM(M1+5001)-ELAM(M1+5000) )% (LAMMIN+
1 (COUNT=140)*DELLAM=ELAM(M1))/(ELAM{M1+1)-ELAM{ML))
60 IF (LAMMIN+COUNT*DELLAM «GTs ELAM(M1+1)) M1=Ml+1

C INTIALIZE THE ELAM ARRAY.
DO 70 M=1sNARRAY

70 ELAM{M}=040
RETURN

C THERE 1S AN ERROR IN THE INCIDENT RADIATION DATA. WRITE
C AN ERROR MESSAGE AND OMIT THIS CASE.

80 WRITE (65700}

NEWCAS=eTRUE,

RETURN
C FORMATS FOR READ STATEMENTS.
500 FORMAT(4E10405F540521X3A6)
C FORMATS FOR WRITE STATEMENTS.

600 FORMAT(48Xs35HSPECTRUM INCIDENT ON GAS SAMPLE//

1 51X s 10HWAVELENGTH» 10X s BHINCIDENT/
2 51X s2HIN18XsSHINTENSITY/
3 51X sIHANGSTROMS » 11X 5 15HW/CM2~MICRON=SR/ /)

601 FORMAT(50XsF8¢2513Xs1PE10+4)
C FORMAT FOR ERROR STATEMENT.

700 FORMAT(//22X»s50HONE OF THE FOLLOWING RESTRICTIONS ON THE INCIDENT
1 »37HSPECTRAL INTENSITY ARRAY WAS VIOLATED/
36Xs58HTHE FIRST WAVELENGTH MUST BE LESS THAN OR EQUAL TO L
3AMMING/
4 36Xs60HTHE LAST WAVELENGTH MUST BE EQUAL TO OR GREATER THAN
5 LAMMAX,/
6 36X s 40HWAVELENGTHS MUST INCREASE MONOTONICALLY)

END
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SUBROUTINE SETUP (NEWCAS)

SUBROUTINE SETUP READS THE MOLECULAR CONSTANTSs COMPUTES THE PARTITION
FUNCTIONs AND DETERMINES THE APPROPRIATE TRANSITION SUBROUTINE TO
GENERATE INTENSITIES DUE TO SPONTANEOUS EMISSIONe

COMMON/CPLOT/LAMMIN LAMMAX s DELLAM, NARRAY s CINT3,FACTRI(5)
COMMON/CARRAY/ILAM{ 9000)sELAM{ 9000)
COMMON/CREAD/READ1 yREAD2+yREAD3 yREAD4,READS sREADS

COMMON/CBAND1 /ALPHAU» BEUsBETAU» CAPAUSs CAPLUSDEUSDZEROUsREUs TERMU»

1 ALPHAL s BEL sBETAL » CAPAL s CAPLLsDELsDZEROLsREL s TERML
COMMON/CBAND2 /WEU s WEXEUsWEYEUsWEZEUsBVUsDVUSDEGENU MU ALTNAT s
1 WELsWEXEL sWEYEL sWEZEL»BVLsDVL Y NUSPIN

COMMON/CTEMP/TELECT s TVIBsTROT
COMMON/CWIDTH/WIDTHL» WIDTHV » RANGE
COMMON/CTRAN/PARTCCsNUBARO »Q s AOE » CINT1 sCINT29KMINsKMAX
COMMON/CEXTRA/INDEXsNFILEsSYSTEMy TOTAL »OUTPUT{12)

DIMENSION ALPHA(30)sBE(30)sDEGEN(30),TERM(30)sWE(30)
1 WEXE(30)sWEYE(30) sWEZE{30) sDUMMY (2)

REAL KMAX13sKMAX2sLOWERsMUsNUBAROsNUSPINs ILAMyNAME
LOGICAL NEWCAS

DATA ENDS/6HEND /s BLANK/6H /

DATA UPPER/6HUPPER /s LOWER/6HLOWER /s STATE/6HSTATE /
DATA ODD/6H ODD /sEVEN/EH EVEN /

REWIND 9
A NEW BAND SYSTEM HAS BEEN SPECIFIED.

PARTCC=READ1
TELECT=READ2
TVIB=READ3
TROT=READ4
INDEX=READS+.1

WRITE THE INTEGRATED INTENSITY DUE TO SPONTANEQUS EMISSION FOR THE
PREVIOUSLY COMPUTED SYSTEMe

IF (SYSTEM «NE. 040) WRITE(65600) SYSTEMs (FACTRI(M)sM=1,5}
TOTAL=TOTAL+SYSTEM
SYSTEM=040

ARE THE CONSTANTS FOR THIS BAND SYSTEM INPUT ON CARDS.

IF (INDEX «NEs 0) GO TO 40
THE CONSTANTS FOR THIS BAND SYSTEM ARE ON TAPE.

READ(95900) NAMEs INDEX»> NFILE
IF (NAME «EQs ENDSY GO TO 120
IF (NAME +EQs READ6) GO TO 20
CALL SKIP(1,9)

GO TO 10

READ PAST THE FRANCK-CONDON FACTORS, USING TERM({M2) AS A DUMMY
ARRAY o

DO 30 M1l=1,20
READ(9s901) (TERM(M2)s M2= 1520)

READ THE CONSTANTS FROM TAPE.

READ (9,902) READ1,ALTNAT»DEU»BETAU»REUIDZEROUsCAPAUSCAPLUY
1 MUsNUSPINsDEL sBETALSREL »DZEROL »CAPAL 3 CAPLL
LEVELS=READ1+0.1

READ (95902) (DEGEN(M)>TERM{M) sWE(M) sWEXE{M) sWEYE(M) s WEZE(M) »BE(M)
1 s ALPHA (M) sM=1,LEVELS)
GO TO S0

THE CONSTANTS FOR THIS BAND SYSTEM ARE TO BE INPUT ON CARDS.

READ(5+500) READ1sALTNATsDEUsBETAUSREUsDZEROUsCAPAUSCAPLU
READ(55500) MUsNUSPINsDELyBETALSRELsDZEROL sCAPALSCAPLL
LEVELS=READ1+0.1

READ(5+500) (DEGEN(M) s TERM(M) sWE (M) sWEXE (M) sWEYE (M) +WEZE(M)»
1 BE(M)sALPHA (M) sM=1sLEVELS)

NFILE= O

STORE UPPER AND LOWER STATE SPECTROSCOPIC CONSTANTS FOR THIS SYSTEM.

ALPHAU=ALPHA(1)
ALPHAL=ALPHA (2}
BEU=BE(1)
BEL=BE(2)
DEGENU=DEGEN {1}
TERMU=TERM(1)
TERML=TERM(2)
WEU=WE (1)
WEL=WE(2)
WEXEU=WEXE(1)
WEXEL=WEXE(2)
WEYEU=WEYE(1)
WEYEL=WEYE(2)
WEZEU=WEZE (1)
WEZEL=WEZE(2)
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FIND Qs THE PARTITION FUNCTION REFERENCED TO THE EQUILIBRIUM POSITION
OF THE GROUND STATE POTENTIAL WELLe

on

Q=0.0
DO 70 M=1,LEVELS
QVR=0.0
QV=0.0
EVIB1=0.0
V=040
60 EVIB2=WE(M)*(V+0e5) -WEXE(M)*¥(V40e5)%%2 +WEYE(M)*{V+0a5)*%3
1 +WEZE(M) ¥ (V+0+5) %%4
DELTQV=EXP(=1.,43879%EVIB2/TVIB)

COMPARE DELTA Q-VIBRATIONAL TO 0.1 PERCENT OF THE QV SUM TO THIS
POINT.

[a¥al

IF (DELTQV «LE. 0+001%QV) GO 7O 70
C HAS THE VIBRATIONAL ENERGY REACHED A FICTITIOUS PEAK.
IF (EVIB2 .LEe EVIBl) GO TO 70

QV=QV+DELTQV
QVR=QVR +TROT*DELTQV/(1443879%(BE(M)=-ALPHA(M)*(V+0e5)))
EvVIBl=EVIB2
V=V+1e0
GO TO 60
70 Q=Q +QVR*DEGEN (M) *¥EXP (~1443879*TERM(M) /TELECT}

C WRITE THE INPUT DATA FOR THE NEW SYSTEM.

WRITE(65601) READ6sPARTCC,TELECTsTVIBsTROT
WRITE(65602) ALTNATsNUSPINSLEVELSsMU

ICAPLU= CAPLU+ 0.l

ICAPLL= CAPLL+ Q.1

WRITE(62606)CAPAUs ICAPLUSDEUBETAU»DZEROUSREU,
1 CAPAL s ICAPLL sDEL »BETAL »DZEROL sREL
WRITE(6+607)

D0 100 M=1,LEVELS
DUMMY (11 =BLANK
DUMMY ( 2) =BLANK
IF (M oNE. 1) GO TO 80
DUMMY(1)= UPPER
DUMMY (2)= STATE

80 IF (M oNE. 2) GO TO 90
DUMMY(1)= LOWER
DUMMY(2)= STATE

90 MDUMMY = DEGEN (M)
100 WRITE(65603) DUMMY (1} sDUMMY (2) sMDUMMY s TERMIM) sWE (M) s WEXE (M)
1 WEYE (M) sWEZE (M) yBE (M) sALPHA(M)

C IF LINES ALTERNATE IN INTENSITY, WRITE OUT RATIO OF INTENSITIES.

IF (ALTNAT +EQes 040) GO TO 110
DUMMY1=0DD

IF {ALTNAT «EQe 240) DUMMY1=EVEN
RATIO=NUSPIN/ (NUSPIN+1.0)
WRITE(6+604) DUMMY1,RATIO

C 1S THE UPPER ELECTRONIC TERM ENERGY GREATER THAN THE LOWER ELECTRONIC
C TERM ENERGYe IF NOTs WRITE AN ERROR MESSAGE AND OMIT THIS CASE.

110 IF {TERMU «LE. TERML) GO TO 130
C WRITE THE OUTPUT HEADING FOR VIBRATIONAL BANDS.

WRITE(6,605)
RETURN

C THERE 1S AN ERROR IN THE BAND SYSTEM NAME. WRITE AN ERROR MESSAGE
C AND OMIT THIS CASE.

120 WRITE(64700) READ6
GO TO 140

C THERE 1S AN ERROR IN THE TERM ENERGIES. WRITE AN ERROR MESSAGE AND
C OMIT THIS CASE.

130 WRITE(6,701)
140 NEWCAS=» TRUE
RETURN

C  FORMATS FOR READ STATEMENTS.

500 FORMAT(8E10.0)
501 FORMAT(4E1040sF540521X»A6)}
502 FORMAT(215)

C FORMATS FOR WRITE STATEMENTS.

600 FORMAT( /102Xs12HSYSTEM TOTALs2Xs1PE10e4s5A1)

601 FORMAT(//63XsA6///

21Xs12HTOTAL NUMBER »13X s 10HELECTRONIC»14Xs11HVIBRATIONAL »13Xs
10HROTATIONAL/

21X»12HOF MOLECULESs3 (13X 11HTEMPERATURE)/

21X THPER CC »3X»3(15Xs9HDEGREES K)//
21X91PE10+491Xs3014XsEL0e4)///)
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602 FORMAT(21Xs4HLINE »21X s 12HNUCLEAR SPINs12X»9HNUMBER OF » 15X
THREDUCED/
21X911HALTERNATIONs14Xs15HFOR HOMONUCLEAR»9X s
10HELECTRONIC 14X s6HATOMIC/
21X s6HFACTOR» 19X » 9HMOLECULES 15X s 6HLEVELS s 18X s 6HWEIGHT//
23XsF2e0926X9F3e1921X912519X2F604/7/)
603 FORMAT(1X92A652X912s7X5sT(1Xs1PEL4,T))
604 FORMAT(//6Xs10HLINES WITHsA6sB4HROTATIONAL QUANTUM NUMBERS ARE STR
10NGESTs WITH THE RATIO OF WEAK TO STRONG LINES OF #F743)
605 FORMAT(//1Xs11HVIBRATIONAL 53X s THFRANCK-36Xs17THTRANSITION MOMENT»
3Xs15HROTATIONAL LINE»10Xs5HRANGE s 7TX94HBAND»9X s
10HROTATIONAL 98X s XOHINTEGRATED/
1X311HQUANTUM NOes3X»6HCONDONs7X91THAVERAGED OVER THE,»3Xs
20HWIDTH AT HALF-HEIGHTs5Xs THIN LINEsS5XsSHORIGIN IN»s&4Xs
15HQUANTUM NUMBERS +3Xs 9HINTENSITY/
1X311HUPPER LOWER3Xs6HFACTOR7Xs15HELECTRONIC BANDs5X»
21HGAUSS LORENTZ VOIGT»4Xs6HWIDTHS »6X»IHANGSTROMS 56X s
11HMIN MAX »5X s BHW/CM2~5R)
606 FORMAT (14X »4HSPINs9Xs 1THQUANTUM NUMBER OF s15Xs10HROTATIONAL »5X s
10HROTATIONAL »7X912HDISSOCIATION5X
21HINTERNUCLEAR DISTANCE/
14X s8BHCOUPLING» 5X928HRESULTANT ELECTRONIC ANGULARs4Xs
SHCONSTANT » TX s BHCONSTANT 99X 6HENERGY »11X s 14HAT EQUILIBRIUM/
14X s8HCONSTANT » 5X »29HMOMENTUM ABOUT INTERNUCe AXISs3X»
8HDEs 1/CMs7Xs10HBETAs 1/CMy7Xs12HDEZEROs 1/CMs5Xs
12HPOSITIONs CM//
1X3s11HUPPER STATE 32X 9F742517Xs12y 18X9ELl4eTs1XsE14a753Xs
El4e793XsEVb0T/
1Xs11HLOWER STATEs2XsF7e2917Xs129 18XsE1l4e791XsE14aT93Xy
El4eTs3XsErLeT//7)
607 FORMAT (12X s 1OHELECTRONIC»4X 9 10HELECTRONIC/
1 12X s 1OHDEGENERACY 54X 9 11HTERM ENERGY »4X9s2HWE s 13X s 4HWEXE+11Xy
2 4HWEYE s 11X 94HWEZE 911X 9 2HBE» 13X s THALPHA E//)

®NOUE VN M E BN

NRYVO~NOW P WN =

C FORMATS FOR ERROR STATEMENTS.

700 FORMAT(///10X»3HTHE»1X»sA6512H BAND SYSTEMs20H IS NOT ON THE TAPE.)
701 FORMAT(//1X»112HERROR - ELECTRONIC TERM ENERGY OF THE UPPER STATE
11S LESS THAN OR EQUAL TO THE TERM ENERGY OF THE LOWER STATE. }

C FORMATS FOR TAPE READ STATEMENTS.

900 FORMAT(A6+216)
901 FORMAT(5E1447)
902 FORMAT(8E1447)

END
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SUBROUTINE VU VL (SKIPVV)

C SUBROUTINE VU VL COMPUTES AND READS VIBRATIONAL BAND CONSTANTS
C AND DETERMINES THE MAXIMUM ROTATIONAL QUANTUM NUMBER AND THE INTENSITY
C FACTOR.

COMMON/CPLOT/LAMMIN, LAMMAX s DELLAM, NARRAY s CINT35FACTRI(5)
COMMON/CARRAY/ILAM{ 9000)ELAM( 9000)

COMMON/CREAD/READ1 yREAD2+READ3yREAD4sREADS5sREADS

COMMON/CBAND1 /ALPHAUBEUSBETAUs CAPAUsCAPLUSDEUsDZEROUSREUs TERMU»
1 ALPHAL s BELsBETALsCAPAL s CAPLL sDEL »DZEROL »REL» TERML
COMMON/ CBAND2/WEUsWEXEU SsWEYEUSWEZEU»BVUSDVUSDEGENU MU ALTNAT »

1 WELsWEXELsWEYELsWEZELsBVLsDVL USPIN
COMMON/CTEMP/TELECT»TVIBsTROT

COMMON/CWIDTH/WIDTHL s WIDTHV s RANGE
COMMON/CTRAN/PARTCC s NUBARO »QsAOE s CINTI sCINT2sKMINSKMAX
COMMON/CEXTRA/INDEXsNFILEs»SYSTEMs TOTALsOUTPUT(12)

REAL MUsKMAX2sKMAX1sNUBARO sLOWERs I LAMs NAME
DIMENSION QVV(20)

INTEGER FLAG

DATA UPPER/6HUPPER /s LOWER/6HLOWER /

SKIPVYV= 040
AO0E=2.5415785E-18
C=249979E+10
PI=3.1415927

VU=READ1
VL=READ2
KMIN=READ3
KMAX=READ4

C TEST VIBRATIONAL QUANTUM NUMBERS TO ENSURE THAT FICTITIOUS PEAK IN
C VIBRATIONAL TERM ENERGY HAS NOT BEEN EXCEEDED.

C  UPPER STATE.

FLAG = O
WE = WEU
WEXE = WEXEU
WEYE = WEYEU

WEZE = WEZEU
MV = VU + 1.1
GO TO 10
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C LOWER STATE.

5 WE = WEL
WEXE = WEXEL
WEYE = WEYEL
WEZE = WEZEL
MV = v0L +1e1

10 EV1l =0.0
FLAG = FLAG +1
DO 20 M=1,Mv
vV = M-1
EV2 =WE*(V+e5) —WEXE*(V+e5)%¥%24WEYEX (V4,51 %%3 +WEZE*{V+.5) *%4
IF(EV2 «LE. EV1) GO TO 230
20 Evl = EV2

IF(FLAG+EQel) GO TO 5
C COMPUTE ROTATIONAL CONSTANTS FOR THIS BANDe.
30 BVU=BEU-ALPHAUX* (VU+0e5}
BVL=BEL-ALPHAL*(VL+0e5)
DVU=DEU+BETAU* (VU+0+5)
DVL=DEL+BETAL*(VL+0e5)
C READ VIBRATIONAL BAND CONSTANTS.
READ(55500) SUMRE2,WIDTHGsWIDTHL 4NUBAROsFRANCK s RANGE
IF A FRANCK~CONDON FACTOR WAS READs CONTINUE WITH

THE SOLUTION. IF ONE WAS NOT READ AND THE MOLECULAR AND SPECTROSCOPIC
CONSTANTS WERE NOT READ FROM TAPEs THEN THE SOLUTION CANNOT PROCEED.

noon

IF (FRANCK +GTe 040) GO TO 40
IF (NFILE «EQe 0) GO TO 240

¢ READ FRANCK-CONDON FACTORS FROM TAPE USING THE WEZE ARRAY FOR
C  TEMPORARY STORAGE.

CALL SKIP{~0+9)

READ(95900) NAMEy INDEXsNFILE

N1=vU+lel

N2=vL+1le1l

READ(95901) ({QVV(M2)sM2=1,20)sMI=1»N1)
FRANCK=QVV (N2}

C RANGE 1S THE DISTANCE FROM THE LINE CENTERs IN LINE WIDTHS, BEYOND
C  WHICH THE SPONTANEOUS LINE EMISSION 1S CONSIDERED ZERO.

40 IF(RANGE «NEe 0.0} GO TO 45
RANGE=540
IF (WIDTHL +EQes 040) RANGE=3.0

¢ FIND THE VOIGT LINE WIDTH AT HALF-HEIGHT. IF LINE WIDTHS WERE NOT INPUT
C  IMPOSE A GAUSSIAN PROFILE WITH A WIDTH TEN TIMES DELLAM.
45 WIDTHV=WIDTHL/240+SQRT(WIDTHL*%¥2/4,0+WIDTHG**2)
IF (WIDTHV «NE. 0.0) GO TO 50
WIDTHV=10+0%DELLAM
WIDTHG=WIDTHV
WRITE(6,701)
C  FIND KMAXs THE MAXIMUM ROTATIONAL QUANTUM NUMBER POSSIBLE FOR THE
C SPECIFIED VIBRATIONAL LEVELS. KMAX VALUES ARE FOUND FOR BOTH THE
C UPPER AND LOWER STATES. HOWEVERs VALUE OF THE KMAX USED BY THE PROGRAM
¢ 1S THE MINIMUM OF THESE AND THE INPUT VALUE IF IT IS NOT ZERO. [IF THE
¢ DISSOCIATION ENERGY 1S5 NOT INPUTs KMAX CANNOT BE DETERMINED AND IS SET TO
C THE INPUT VALUE OR 150 IF THE INPUT VALUE IS ZERO.
C SEE HERZBERG»s PAGE 426, FOR A DISCUSSION OF DISSOCIATION DUE TO ROTATION
C SET UP CONSTANTS TO FIND KMAX FOR LOWER STATE.
50 1F (DZEROL .EQe 0.0) GO TO 60

DEQUIL=DZEROL +WEL/240 -WEXEL/4+0 +WEYEL/8+0 +WEZEL/1640
EVIB=WEL*#(VL+0e5) —WEXEL®(VL+0e5)%%¥2 +WEYEL¥(VL+045)%*%3

1 FTWEZEL* (VL+0e5) % %4
C1=142177ET*WEL*SQRT (MU/DEQUIL)
REQUIL=REL
Dv=DVL
BV=BVL
GO TO 70

C SET UP CONSTANTS TO FIND KMAX FOR UPPER STATE.
60 IF (DZEROU EQe 040) GO TO 170

DEQUIL=DZEROU +WEU/2.0 -WEXEU/4+0 +WEYEU/840 +WE2EU/16.0
EVIB=WEUX (VU+045) —WEXEU*(VUU+0.5) ¥%2 +WEYEU*(VU+045)%%3

1 +WEZEU* (VU+0e5) % %4
C1=142177ET*WEU*SQRT (MU/DEQUIL)
REQUIL=REU
Dv=DVU
BV=BVU

C IF VIBRATIONAL ENERGY IS GREATER THAN OR EQUAL TO THE DISSOCIATION
C  ENERGY, THIS BAND CANNOT EXISTe

70 IF (EVIB «GE. DEQUIL) GO TO 220



C SET THE INITIAL VALUES NEEDED TO START THE ITERATION.
C  KMAX1= PRIOR VALUE OF KMAX
C KMAX2= PRESENT VALUE OF KMAX
C KMAX3= INTEGER VALUE OF NEXT KMAX
C K= INTEGER VALUE OF KMAX2
C E1 AND E2= PRIOR AND PRESENT SUMS OF VIBRATIONAL PLUS ROTATIONAL ENERGYe
C Ul AND U2= PRIOR AND PRESENT VALUES OF EFFECTIVE POTENTIAL ENERGY AT THE
C  LOCAL MAXIMUM.
C FLAG=1 INDICATES THIS IS THE FIRST ITERATION.
C3=1.686E~-15/MU
E1=EVIB
U1=DEQUIL
KMAX1=0e0
K= 50
KMAX2=K
FLAG= 1
C FIND Ry THE INTERNUCLEAR DISTANCE AT THE LOCAL MAXIMUM OF THE
C EFFECTIVE POTENTIAL WELL FOR KMAX2e A MORSE CURVE IS ASSUMED
C FOR THE POTENTIAL WELL WITHOUT ROTATION.
80 R=REQUIL
FR2=040
FK=C3%1e0E+24%KMAX2%* (KMAX2+1.0) /{CI*DEQUIL)
90 FR1=FR2

R=R+0+1E~8
IF (R +GTe 1le0E-7) GO TO 120

C2=EXP(-C1%(R-REQUIL))

FR2=(R *1e0E+8)#¥3%C2%(140~C2)
IF (FR2 «GTe FR1) GO TO 90

IF (FR2 «GTs FK) GO TO 90

1IF (FR1 «EQs FR2) GO TO 100
IF {FR1 «GTe FK) GO TO 110

C A LOCAL MAXIMUM DOES NOT EXIST AT K.
C SET R TO PRIOR VALUE AND CONTINUE ITERATION.

R= R-0e1E-8
GO TO 120

C  THE LOCAL MAXIMUM AT K IS, IN FACT» A CRITICAL POINT.
C SET R TO CRITICAL POINT AND CONTINUE ITERATION.

100 R=R~ 0.05E-8
GO TO 120

C INTERPOLATE TO GET VALUE OF R AT LOCAL MAXIMUM.
110 R=R~ 0+1E~8%(FK-FR2)/(FR1-FR2)

C  FIND THE NEXT VALUE OF KMAX (l+Ees» KAMX3)s DURING THE FIRST ITERATION
C STEP KMAX2 BY 20 UNTIL U2 IS LESS THAN OR EQUAL TO E2 AND THEN

C INTERPOLATE TO U=E TO GET KMAX3. IN ALL OTHER ITERATIONS, JUST

C  EXTRAPOLATE TO U=E TO GET KMAX3,

120 €2=EVIB +BVXKMAX2* (KMAX2+140) —DV¥KMAX2¥#2%(KMAX2+140) **2
U2=DEQUIL*(1+0-EXP(~C1%(R-REQUIL)) )**2 +C3*¥KMAX2* (KMAX2+140} /R**2

IF(FLAG «NE. 1) GO TO 140
IF(U2 «LEs E2) GO TO 130
KMAX1= KMAX2

KMAX2= KMAX2+ 2040

K= KMAX2+ Oel

1F(KMAX2 «GEs 50040} GO TO 150

€1= E2
ul= U2
GO TO 120

130 FLAG= 2
140 KMAX3=KMAX2 +(U2-E2)% (KMAX2-KMAX1)/((U1-E1)-(U2~E2})

¢ IF KMAX3 IS LESS THAN OR EQUAL TO ZERO»s THIS VIBRATIONAL LEVEL
C  CANNOT EXIST.

IF (KMAX3 «LEe 0} GO TO 260
C  WHEN KMAX3 EQUALS Ks THE ITERATION IS COMPLETE.

IF (KMAX3 «EQ. K) GO TO 160
K=KMAX3

KMAX1=KMAX2

KMAX 2=KMAX3

El=E2

ul=u2

GO TO 80

150 KMAX3= KMAX2+ Oel
C THE ITERATION IS COMPLETEs SET KMAXe
160 IF (KMAX «EQe 0) KMAX=KMAX3

IF {KMAX3 oLTe KMAX) KMAX=KMAX3

IF (BV «EQe BVL) GO TO 60
170 IF (KMAX «EQe 0) KMAX=150
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C SET UP CONSTANTS FOR INTENSITY EQUATION IN ROTATIONAL STRUCTURE
C  SUBROUTI%E AND COMPUTE NUBAROs THE BAND ORIGINs IF NOT SPECIFIED.

CINT1=TERMU/TELECT +(WEU*(VU+0¢5)-WEXEU¥ (VU+0.5)*%2+WEYEU*
1 (VU+045) #*3+WEZEUX (VU+05) %¥%4) /TVIB

CINT2=(16«0E-T*C*PARTCC*FRANCK*SUMRE2%PI%#%3)/(3.,0%Q)

IF (NUBARO +EQe 0e0) NUBARO=TERMU -TERML +WEU*(VU+0e5) -WEXEU*
{VU+0.5) % %2 +WEYEUX{VU+0e5)%¥3
+WEZEU* (VU+0«5) %%4 —WEL*(VL+0e5)
HWEXEL* (VL+0e5) %%2 ~WEYEL*{VL+0e5)%%3
~WEZEL*(VL+0+5)%%4

£ WON -

ORIGIN=140E+8/NUBARO
C FIND THE INTENSITY FACTOR, If NECESSARY.

IFACTR= 0462486%CINT1
IF(IFACTR «LTe 30) GO TO 210
CINT4=IFACTR

IF(CINT4 oLTe CINT3) GO TO 210

FACTRI(1)=0UTPUT(12)
M=1FACTR/1000
DO 180 M1=2,5
FACTRI (M1)=OUTPUT(M+1)
IFACTR=IFACTR~M*10%%*(5-M1)
180 M=IFACTR/10%%(4-M1})

C IF THIS IS NOT THE FIRST INTENSITY FACTORs ADJUST THE ELAM ARRAY.

IF(CINT3 +EQe 040) GO TO 200
CINTS5= CINT4-CINT3
DO 190 M=1,NARRAY
190 ELAMIM)=ELAM(M) *EXP(2430259%CINT5)

SYSTEM= SYSTEM*EXP(2430259%CINT5)
TOTAL= TOTAL*EXP(2430259%CINT5)
200 CINT3= CINT4

C WRITE THE VIBRATIONAL BAND INFORMATION,

210 M1=vU+ Oel
M2=vL+ Oel
IRANGE= RANGE+ 0.1
IF(KMIN oLTe 2) KMIN= 2

WRITE(65600)M19sM2FRANCKySUMREZ yWIDTHGsWIDTHL sWIDTHV» IRANGE»
1 ORIGINsKMIN»KMAX

IF (CINT2 «LEe 0.0) GO TO 250

RETURN

C THIS VIBRATIONAL LEVEL CANNOT EXISTe WRITE THE APPROPRIATE MESSAGE
C AND OMIT THIS BAND.

220 Ml=vU+ Oel
M2=VL+ 01
DUMMY=UPPER
IF (BV +EQe BVL) DUMMY=LOWER
WRITE(65702) M1sM2,DUMMY
SKIPVV= 1.0
RETURN

230 M1=vVU+ Ol
M2=vt+ Osl
DUMMY=UPPER
IF(WE +EQe WEL) DUMMY=[OWER
WRITE(65705) M1sM25DUMMY
READ(55500) SUMRE2,WIDTHGsWIDTHL s NUBARO s FRANCK s RANGE
SKIPVV= 140 .
RETURN

C THERE IS AN ERROR IN THE FRANCK-CONDON FACTORe WRITE AN ERROR MESSAGE
C AND OMIT THIS BAND.

240 Ml= VU+ 0.l
M2= VL+ Qel
WRITE(65703) M14M2
SKIPVV= 1.0
RETURN

C THE BAND INTENSITY IS ZERO DUE TO A POSSIBLE ERROR IN PARTCCs FRANCK, SUMRE2,
C OR Qe WRITE THE APPROPRIATE MESSAGE AND OMIT THIS BAND.

250 WRITE(6+700)
SKIPVV= 1.0
RETURN

C THE MAX POSSIBLE ROTATIONAL QUANTUM NUMBER IS LESS THAN OR EQUAL
C TO ZERO. WRITE THE APPROPRIATE MESSAGE AND OMIT THIS BAND.

260 Ml= VU+ 0.1
M2= VvL+ 0.1
WRITE(65704) M1lsM2
SKIPVV= 1.0
RETURN

C FORMAT FOR READ STATEMENT.



500

C

600

FORMAT(6E1040)}

FORMAT FOR WRITE STATEMENT.

FORMAT(/1X51254Xs12+6Xs1PE104433XsE10e439Xs3(0PF7o4351X)33Xs 14y
1 TXsF9e335Xs 145X 1477}

C FORMATS FOR ERROR STATEMENTS.

700

701

702

703

704

705

C

900
901

o¢o¢oooooooooooooootoooootcoooott&oo00‘oo0ooooooo00o'oooooooooo¢oooo¢0¢ooov~~oooooo~ooo4o¢ooo

$OR

FORMAT(/2Xs130HINTENSITY FOR THIS BAND IS LESS THAN OR EQUAL TO ZE
1RO DUE TO THE INPUT DATA VALUESs THEREFORE IT WAS OMITTED FROM THE
2 COMPUTATION.)

FORMAT(/8Xs117HLINE WIDTHS WERE NOT INPUT FOR NEXT BANDe PROGRAM I

IMPOSED A GAUSSIAN PROFILE WITH WIDTH AT HALF-HEIGHT = 10*INTERVAL.
2)

FORMAT(//6Xs4HTHE »1293H » »12+84H TRANSITION WAS OMITTED FROM THE
1 CALCULATION BECAUSE THE VIBRATIONAL ENERGY FOR THE »A6514HSTATE E
2XCEEDED/ )

3 6X+23HITS DISSOCIATION ENERGY)

FORMAT(///10X»&1HNO FRANCK-CONDON FACTOR WAS INPUT FOR THE»I2,
1 3H s »12s 6H BAND.)

EORMAT(/6Xs4HTHE »1293H » »12,95H TRANSITION WAS OMITTED BECSUSE T
1HE MAX POSSIBLE ROT QUANTUM NUMBER IS LESS THAN OR EQUAL TO 0.//)

FORMAT(//6Xs4HTHE »1233H 5 »12592H TRANSITION WAS OMITTED FROM THE
1 CALCULATION BECAUSE THE VIBRATIONAL QUANTUM NUMBER FOR THE »A6»
25HSTATE/6X»65HEXCEEDS THE FICTITIOUS PEAK ON THE VIBRATIONAL TE?
3ENERGY CURVE.)

FORMATS FOR THE TAPE STATEMENTS,

FORMAT(A6,216)
FORMAT(5E1447)

END

IGIN ALPHA

$IBFTC HFO75E

C
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SUBROUTINE ZERO
SUBROUTINE ZERO COMPUTES PARALLEL TRANSITIONS FOR DIATOMIC MOLECULES.

COMMON/CPLOT/LAMMEN s LAMMAX s DELLAM, NARRAY , CINT3, FACTRI(5)
COMMON/CARRAY / ILAM( 9000) sELAM( 9000)
COMMON/CREAD/READ1 sREAD2 sREAD3sREAD4 s READ5READG
COMMON/CBANDI/ALPHAU,BEUaBETAU|CAPAU;CAPLUoDEU,DZEROU'REU9TERMU’
1 ALPHAL s BEL »BETAL » CAPAL »CAPLL »DEL » DZEROL s REL s TERML
COMMON/CBAND2 /WEU s WEXEUsWEYEU»WEZEU»BVUsDVUDEGENUsMU»ALTNAT

1 WEL sWEXEL sWEYEL sWEZEL»BVLsDVL NUSPIN
COMMON/CTEMP/TELECT s TVIB»TROT

COMMON/CWIDTH/WIDTHL s WIDTHV » RANGE
COMMON/CTRAN/PARTCC s NUBARO »Q s AOE s CINT1 s CINT253KMINsKMAX
COMMON/CEXTRA/INDEXsNFILEsSYSTEMs TOTAL»OUTPUT (12}

REAL ]LAMaKU:KL;LAMCLyLAMBDA,LAMMAX,LAMMIN,NUBAR,NUBARDaNUSPIN

FIND THE NUMBER OF ENTRIES IN THE INTENSITY ARRAYSs FROM THE LINE CENTERSs

AT WHICH EACH LINE 1S5 ASSUMED TO HAVE A CONTRIBUTION.
NSPRED=1+ 1+RANGE*WIDTHV/DELLAM
SET CONSTANTS WHICH DETERMINE THE LINE SHAPE.

CSPRD2=WIDTHL/WIDTHV
CSPRD3=(1065+0¢44T*CSPRD2+04058*%CSPRD2*¥%2) ¥WIDTHV*140E~4
CSPRD1=(1+0-CSPRD2)/CSPRD3

CSPRD2=CSPRD2/CSPRD3

SET CONSTANTS WHICH DETERMINE THE WAVELENGTH OF THE LINE CENTER FOR
TRIPLETS. SEE HERZBERGs PAGE 235.

YU=CAPAU/BVU

YL=CAPAL/BVL

DIVISR=2.0

IF (CAPLU +EQes 000} DIVISR=140

SET CONSTANTS FOR THE P BRANCH AND INITIALIZE THE RUNNING SUMS.

CSTR=1.0
KU=KMIN
KL=KU+1e0
BAND=040

BRANCH=04+0

COMPUTE AND DISTRIBUTE THE INTEGRATED INTENSITY DUE TO SPONTANEOUS
EMISSION OF ALL SPECIFIED ROTATIONAL LINES.

DO 60 M=KMINsKMAX
22U=0.0
Z2L=0.0

FOR A DESCRIPTION OF THESE EQUATIONSs SEE HERZBERGSs PAGE 235.

IF (DEGENU/DIVISR «NEe 3.0) GO TO 20

Z1U=CAPLU**2¥YUX (YU=440)+(4e0/340)+440*KUX(KU+140)
Z1L=CAPLL**2*YL*(YL-Q-O)+(4-0/3.0)+4.0*KL*(KL+1-O)
ZZU=(CAPLU**2*YU*(YU—1-0)~(4-0/9-0)—2.0*KU*(KU+1.0))/(3-0*ZIU)
22L=(CAPLL**Z*YL*(YL—l-O)-(4-0/9.0)—2.0*KL*(KL+1-0))/(B-O*ZIL)

e
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C COMPUTE THE WAVELENGTH OF THE LINE CENTER IN ANGSTROMS.

20 NUBAR=NUBARO +BVU* (KU*{KU+140)144+0%Z2U) ~BVL*¥(KL¥{KL+10)+440%
1 Z2L) -DVU¥(KU+0e5)%¥4 +DVL*(KL+0e5)*%4
LAMCL=1.0E+8/NUBAR

IF THE LINE WAVELENGTH FALLS OUTSIDE THE SPECTRAL RANGE OF
INTERESTs OMIT IT AND PROCEED TO THE NEXT LINE.

[aNal

IF(LAMCL+LT+LAMMIN-RANGE*#WIDTHV) GO TO 50
IF(LAMCL+GT+LAMMAX+RANGE*WIDTHV) GO TO 50

C FIND THE STRENGTH FACTOR.
S=KU+CSTR
C DETERMINE IF LINES ALTERNATE IN INTENSITY.

FACTOR=1.0
IF (ALTNAT +EQs 0.0) GO TO 30

EVALUATE THE ALTERNATION FACTOR FOR HOMONUCLEAR MOLECULESe. THE
EXPONENT IN THE ALTERNATING FUNCTION IS FOUND SEPARATELY TO ENSURE
THAT IT IS AN INTEGER BEFORE RAISING (-140) TO A POWER.

nNnN

KEXP= KL 4 ALTNAT + 0.1
FACTOR=140 +(=1e0)**¥KEXP/(240%NUSPIN+1.0)

C FIND THE INTEGRATED LINE INTENSITY DUE TO SPONTANEOUS EMISSION.

30 ExFACTOR®S* (NUBAR®¥2%AQE ) ##2¥CINT2*#EXP(-1443879%(CINT1
1 + (BVU#KU*(KU+140))/TROT)+2430259%CINT3)

C SET CONSTANTS USED TO DISTRIBUTE THE ROTATIONAL LINE.

NCENTR=1e5+{ LAMCL~LAMMIN) /DELLAM
NSTART=NCENTR-NSPRED

IF (NSTART +LTe 1) NSTART=1
NEND=NCENTR +NSPRED

IF (NEND +GTs NARRAY) NEND=NARRAY

C DISTRIBUTE THE ROTATIONAL LINE.

DO 40 M1=NSTARTsNEND
COUNT=M1
LAMBDA=LAMMIN+ (COUNT=140)*DELLAM
CSPRD3=ABS( { LAMBDA-LAMCL)/WIDTHV)
40 ELAM(M1)=ELAM(M1) +E*(CSPRD1*EXP(-24772%CSPRD3%%2)

1 +CSPRD2/(1e0+4+0%CSPRD3%%2) +0.016% CSPRD2*(1.0-
2 WIDTHL/WIDTHV ) *(EXP(~0+4*CSPRD3%%2425) ~10+0/
3 (10e0+CSPRD3%%24,25)) )
BRANCH= BRANCH + E
50 KU=KU+140
60 KL=KL+1e0

C HAVE BOTH BRANCHES BEEN COMPLETED.
IF (KL «EQe KU=140) GO TO 70
C WRITE P BRANCH DATA.
WRITE(65600) BRANCHs (FACTRI(M)sM=1+5)
BAND=BRANCH
SYSTEM=SYSTEM+BRANCH
C SET CONSTANTS FOR THE R BRANCH.
CSTR=0e0
KU=KMIN
KL=KU~1+0
GO 10 10
C WRITE R BRANCH DATA.
70 WRITE(6+s601) BRANCHs (FACTRI(M)sM=145)

BAND=BAND+BRANCH
SYSTEM=SYSTEM+BRANCH

C COMPUTE APPROXIMATE BAND INTENSITYe. SEE BATESs PAGE 57.
QR=TROT/(1.43879%BVU)
APPROX=CINT2¥QR* (NUBARO**2%AQE ) ¥*#2*¥EXP (~143879*CINT1+

1 2430259%CINT3)
C WRITE ADDITIONAL DATA FOR THIS VIBRATIONAL BAND.

WRITE(65602) BANDs (FACTRI(M)sM=145)sAPPROXs (FACTRI (M}sM=155)
RETURN

C  FORMATS FOR WRITE STATEMENTS.
600 FORMAT{107Xs8HP BRANCHs1Xs1PE10s44y5A1}
601 FORMAT(107X8HR BRANCHs1Xs1PE10+445A1)

602 FORMAT(/ 105Xs10HBAND TOTAL»s1Xs1PE1Qe4s5A1/
1 93Xs22HAPPROXIMATE BAND TOTALs1XsE1044s5A1//)

D
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SUBROUTINE ONE

SUBROUTINE ONE COMPUTES PERPENDICULAR TRANSITIONS FOR DIATOMIC
MOLECULES.

COMMON/CPLOT/kAMMIN,LAMMAXyDELLAM,NARRAY,CINTB,FACTRI(5)
COMMON/CARRAY/ ILAM( 9000} sELAM( 9000}

COMMON /CREAD/READ1 ,READ2 sREAD3,READ4 sREAD5»READS
COMMON/CBANDI/ALPHAU.BEUyBETAUoCAPAU;CAPLU;DEU’DZEROU;REU’TERMU,
1 ALPHAL,BEL,BETAL,CAPAL;CAPLLoDELsDZEROLyRELvTERML
COMMON/CBANDZ/wEU,wEXEUsWEYEUowEZEUyBVUvDVUvDEGENUnMU,ALTNAT;

1 WEL yWEXEL sWEYEL sWEZEL»BVLDVL NUSPIN
COMMON/CTEMP/TELECT»TVIB»TROT

COMMON/CWIDTH/WIDTHL s WIDTHV s RANGE
COMMON/CTRAN/PARTCC,NUBARO90yAOE’CINTl9CINT2;KMIN’KMAX
COMMON/CEXTRA/INDEX;NFILE,SYSTEM’TOTAL’OUTPUT(12)

REAL ILAM:KU;KLoLAMCL’LAMBDA.LAMMAXyLAMMIN,NUBAR-NUBARO;NUSPIN
INTEGER SWITCH
FIND THE NUMBER OF ENTRIES IN THE INTENSITY ARRAY, FROM THE LINE CENTER»
AT WHICH EACH LINE IS ASSUMED TO HAVE A CONTRIBUTIONe
NSPRED=1+ 1+RANGE*WIDTHV/DELLAM
SET CONSTANTS WHICH DETERMINE THE LINE SHAPE.
CSPRD2=WIDTHL/WIDTHV
CSPRDB=(1-065+O.447*CSPRDZ+0.058*CSPRDZ**2)*WIDTHV*1-0E~4
CSPRD1={1.0-CSPRD2)/CSPRD3
CSPRD2=CSPRD2/CSPRD3

SET THE SIGN OF CAPLU, USED IN STRENGTH EQUATIONSs APPROPRIATE TO THE
SIGN OF DELTA LAMBDA. SEE JOHNSON» PAGE 150

SIGN=140
IF (CAPLU +LTe CAPLL) SIGN==1.0

SET CONSTANTS FOR THE P BRANCH AND INITIALIZE THE RUNNING SUMS.
SWITCH= 1
KU=KMIN
KL=KU+1.0
BAND = 0.0
BRANCH=0+0

COMPUTE AND DISTRIBUTE THE INTEGRATED INTENSITY DUE TO SPONTANEOUS
EMISSION OF ALL SPECIFIED ROTATIONAL LINESe

DO 90 M=KMINsKMAX
COMPUTE THE WAVELENGTH OF THE LINE CENTER IN ANGSTROMS.
NUBAR=NUBARQ +BVUXKU¥ (KU+140) —BVL*KL*(KL+140) -DVUXKU**2%
(KU+1a0)%%2 +DVL¥KL*#%2% (KL+140)%%2
LAMCL=1.0E+8/NUBAR

IF THE LINE WAVELENGTH FALLS OUTSIDE THE SPECTRAL RANGE OF
INTERESTs OMIT IT AND PROCEED TO THE NEXT LINE.

IF (LAMCL LT« LAMMIN~RANGE*WIDTHY) GO TO 80
IF (LAMCL+GT o+ LAMMAX+RANGE*WIDTHYV) GO TO 80

FIND THE STRENGTH FACTOR.
GO TO (20+30s40)s SWITCH
P BRANCH STRENGTH FACTOR

S=(KU+1.0—SXGN*CAPLU)*(KU+2.0—SIGN*CAPLU)/(2.0*(KU+1.0))
GO TO 50

Q@ BRANCH STRENGTH FACTOR.
5= (KU+SIGN*¥CAPLUI % (24 0%KU+140) * (KU+1+0~SIGN*CAPLU) /
1 (2.0%KU*{KU+10})
GO TO 50
R BRANCH STRENGTH FACTOR.
S=(KU+STGN*CAPLU) * (KU-1¢0+SIGN¥CAPLU}/ (24 0%KU)
DETERMINE IF LINES ALTERNATE IN INTENSITY.

FACTOR=140
IF (ALTNAT +EQ. 0.0) GO TO 60

EVALUATE THE ALTERNATION FACTOR FOR HOMONUCLEAR MOLECULESe. THE
EXPONENT IN THE ALTERNATING FUNCTION IS FOUND SEPARATELY TO ENSURE
THAT IT IS AN INTEGER BEFORE RAISING (-10) TO A POWER

KEXP= KL + ALTNAT + 0.l
FACTOR=140 +(=1,0)##KEXP/(240%¥NUSPIN+1.0)
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C FIND THE INTEGRATED LINE INTENSITY DUE TO SPONTANEOUS EMISSION.

60 E=FACTORXS* (NUBAR**2%A0E ) ## 2% CINT2*#EXP (~1.43879*(CINT1
1 +(BVU*KU*{KU+140))/TROT )+2.30259%CINT3)

C SET CONSTANTS USED TO DISTRIBUTE THE ROTATIONAL LINE.

NCENTR=145+(LAMCL-LAMMIN) /DELLAM
NSTART=NCENTR-NSPRED

IF (NSTART +L.Te 1) NSTART=1
NEND=NCENTR +NSPRED

IF (NEND +GT+. NARRAY) NEND=NARRAY

C DISTRIBUTE THE ROTATIONAL LINEe

DO 70 M1=NSTARTsNEND
COUNT=M1
LAMBDA=LAMMIN+{COUNT-140) *DELLLAM
CSPRD3=ABS{ (LAMBDA-LAMCL ) /WIDTHV)

70 ELAM(M1)=ELAM(M1) +E*(CSPRD1*EXP (~24772%CSPRD3*%2)
1 +CSPRD2/(140+440%¥CSPRD3%%*2)  +04016% CSPRD2¥(140-
2 WIDTHL/WIDTHV)I*(EXP (=0 4*CSPRD3%%2425) ~1040/
3 (10+40+CSPRD3%%2,25)))
BRANCH= BRANCH + E
80 Ky=KU+140
90 KL=KL+1.0

BAND=BAND+BRANCH
SYSTEM=SYSTEM+BRANCH

C HAVE ALL THREE BRANCHES BEEN COMPLETED.
GO TO (10051109120),SWITCH

C  OUTPUT P BRANCH INTEGRATED INTENSITY.

100 WRITE(69600) BRANCHs (FACTRI(M) sM=1,5}

C SET CONSTANTS FOR Q@ BRANCH.

SWITCH= 2
KU=KMIN
KL=KU

GO TO 10

C  OUTPUT Q BRANCH INTEGRATED INTENSITY.
110 WRITE(65601) BRANCHs (FACTRI(M)sM=1,5)
C  SET CONSTANTS FOR R BRANCHe

SWITCH= 3
KU=KMIN
KL=KU=140
GO TO 10

C  OUTPUT R BRANCH INTEGRATED INTENSITY.
120 WRITE(6+602) BRANCHs(FACTRI(M)sM=145)
C COMPUTE APPROXIMATE BAND INTENSITYs SEE BATESs PAGE 57

QR=TROT/{1+43879%BVU)
APPROX=CINT2%QR* (NUBAROX¥2%AQE) **2¥EXP (~1443879%CINT1+
1 2430259%CINT3)

WRITE(65603) BANDs (FACTRI (M) 4M=145) sAPPROXs (FACTRI (M} sM=115)
RETURN

C FORMATS FOR WRITE STATEMENTS.

600 FORMAT (107X +8HP BRANCH»1X,1PE10«4,5A1)
601 FORMAT(107Xs8HQ BRANCHs1X3s1PE1Os455A1)
602 FORMAT(107Xs8HR BRANCHs1Xs1PE10e455A1)
603 FORMAT(/ 105Xs 10HBAND TOTALs1Xs1PE10«445A1/
1 93Xs22HAPPROXIMATE BAND TOTALs1XsE10e435A1/7)

END

R R R e R R R e R I
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SUBROUTINE S2 PI2

C SUBROUTINE S2 P12 COMPUTES DOUBLET SIGMA TO DOUBLET PI TRANSITIONS (OR
C VICE VERSA) FOR DIATOMIC MOLECULES.

COMMON/CPLOT/LAMMIN s LAMMAX s DELLAM 3y NARRAY s CINT3sFACTRI(5)
COMMON/CARRAY/ILAM{ 90001 ,ELAMI 9000)
COMMON/CREAD/READ1yREAD2sREAD3 sREADL,,READS »READS
COMMON/CBANDL/ALPHAUsBEUSBETAU»CAPAU,CAPLUSDEUsDZEROUsREUs TERMU
1 ALPHAL s BEL »BETAL s CAPAL s CAPLL sDEL sDZEROL s REL s TERML
COMMON /CBAND2 /WEU s WEXEU sWEYEU s WEZEU s BVUsDVUSDEGENUsMUS ALTNAT s

1 WEL sWEXEL sWEYEL sWEZEL»BVLSDVL NUSPIN
COMMON/CTEMP/TELECT »TVIBSTROT

COMMON/CWIDTH/WIDTHL s WIDTHV s RANGE
COMMON/CTRAN/PARTCCsNUBARO sQsAOE s CINTL3CINT24KMINsKMAX
COMMON/CEXTRA/INDEX sNFILE sSYSTEMsTOTAL sOUTPUT(12)



DIMENSION NAME(1642)

REAL ILAMsJsJLsJUsKsLAMCL sLAMBDASLAMMAX s LAMMIN,NUBAR sNUBARO s
1 NUSPIN

INTEGER SWITCH

LOGICAL FROMPI,DBLBRN

DATA( (NAME (M14M2) sM2=1+2)sMLl=1s16)/

C PI TO SIGMA TRANS. SIGMA TO PI TRANS.
1 6H +6H P2 6H s 6H RZ
2 &H +6H R1 » 6H s 6H Pl »
3 6H s6H SR21 » 6H »6H SR21
4 &H s6H OP12 6H s6H 0P12 »
5 6HQ2 ANDs6H QP21 » 6HQ2 ANDs6H QR12 »
6 6HQ1 AND»6H QR12 6HQ1 ANDs6H QP21 »
7 6HR2 ANDs6H RQ21 » 6HP2 ANDsEH PQ1l2 »
8 6HP1 ANDs6H PQ12 o 6HR1 ANDs6H RQ21 /

C  DBLBRN IS TRUE WHEN COMPUTING TwO BRANCHES WHOSE LINES ARE ASSUMED TO
C HAVE THE SAME WAVELENGTHS.

DBLBRN=#FALSE
C ADJUST FACTOR USED IN INTENSITY EQUATION TO ACCOUNT FOR SPIN SPLITTING.
CINT2sCINT2/240

C SET CONSTANTS APPROPRIATE TO THE ELECTRONIC TRANSITION. FROMPI IS TRUE
C IF THE UPPER STATE IS DOUBLET PI.

FROMPI=4FALSE
IF (CAPLU«GT«CAPLL) FROMPI=4TRUE,.

C  SET COUPLING CONSTANT.

YU=CAPAU/BVU
YL=CAPAL/BVL
Y=YL

IF(FROMPI) Y=YU

C SET SWITCHs THE BRANCH IDENTIFIERs AND IPRINTs THE INDEX ON NAME WHICH
C IDENTIFIES THE BRANCH OUTPUT.

SWITCH= 0
IPRINT=0
IF (FROMP1) IPRINT=-1

C FIND THE NUMBER OF ENTRIES IN THE INTENSITY ARRAYs FROM THE LINE CENTER»
C AT WHICH EACH LINE IS ASSUMED TO HAVE A CONTRIBUTION.

NSPRED=1e1+RANGE*WIDTHV/DELLAM
C SET CONSTANTS WHICH DETERMINE THE LINE SHAPE.

CSPRD2=WIDTHL/WIDTHV
CSPRD3=(1e0654+0¢447%CSPRD2+04058%CSPRD2¥%#2) ¥WIDTHV*1 4 0E~4
CSPRD1=(140-CSPRD2)/CSPRD3

CSPRD2=CSPRD2/CSPRD3

C SET CONSTANTS FOR THE P2 BRANCH (PI TO SIGMA TRANSITION) OR
C R2 BRANCH (SIGMA TO PI TRANSITION).

BAND=040

K=KMIN

JU=K-0e5

JL=JU~1+0

IF (FROMPI) JL=JU+1.0

C SET CONSTANTS FOR THE WAVELENGTH EQUATION

SIGNU1=1.0
SIGNU2=140

C SET CONSTANTS FOR THE STRENGTH EQUATION.

SIGNS1=1.0
SIGNS2=-1.0

CONST1=140
CONST2=1.0
GO TO 80
10 WRITE(65600) (NAME(IPRINTsM1)sM2=1+2)+BRANCH» (FACTRI (M)} M=1,5)

C SET CONSTANTS FOR THE Rl BRANCH (Pl TO SIGMA TRANSITION} OR
C Pl BRANCH (SIGMA TO Pl TRANSITION}.

JU=K+045
JL=JU+1.0
IF (FROMPI} JL=JU~1.0

C SET CONSTANTS FOR THE WAVELENGTH EQUATION.

SIGNU2==140

C SET CONSTANTS FOR THE STRENGTH EQUATION.
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SIGNS1=140
SIGNS2==140

CONST1=140
CONST2=0.0
GO TO 80

20 WRITE(65600) (NAME(!PRINT»M1)9M1=1y2),BRANCH;(FACTRI(M)-M=195)

¢ SET CONSTANTS FOR THE SR21 BRANCH (EITHER TRANSITION)»

JU=K=045
JL=JU=1.0

¢ SET CONSTANTS FOR THE WAVELENGTH EQUATION.

SIGNU1=1e0
SIGNU2=-140

C SET CONSTANTS FOR THE STRENGTH EQUATIONe

SIGNS1=-140
SIGNS2==1.0

CONST1=140
CONST2=140
1IF (FROMPI} CONST2=0.0
GO TO 80
30 WRITE(69600) (NAME(IPRINT-MI),M1=1n2)pBRANCH9(FACTRI(M)uM=1c5)

C SET CONSTANTS FOR THE 0P12 BRANCH (EITHER TRANSITION}.

JU=K+0e5
JL=JU+1e0

¢  SET CONSTANTS FOR THE WAVELENGTH EQUATION.

SIGNUL=~140
SIGNU2=140

C  SET CONSTANTS FOR THE STRENGTH EQUATIONe

SIGNS1=-1e0
SIGNS25-10

CONST1=140

CONST2=040

IF (FROMPI)} CONST2=1.0
GO TO 80

40 WRITE(69600) (NAME(IPRINT’MI)'M1=1’2)’BRANCH’(FACTR[(M)DM=1’5)

C SET CONSTANTS FOR THE Q2 AND QP21 BRANCHES
C Q@2 AND QR12 BRANCHES

DBLBRN=« TRUE «
JU=K=~0e5
JL=Jy
C SET CONSTANTS FOR THE WAVELENGTH EQUATION.

SIGNU1=140
SIGNU2=140

C SET CONSTANTS FOR THE STRENGTH EQUATION.
SIGNS1=-1e0

SIGNS2=140
SIGNS3==140

CONST1==T740
CONST2=1.0
CONST3=140
GO TO 80

(PI TO SIGMA TRANSITION) OR
{SIGMA TO PI TRANSITION) .

50 WRITE(6+602) (NAME(IPRINT,MI)yMl:ng).BRANCH,(FACTR!(M)’M=1’5)

C SET CONSTANTS FOR THE Q1 AND GR12 BRANCHES
C Q1 AND QP21 BRANCHES
JU=K+0e5
JL=JU

C SET CONSTANTS FOR THE WAVELENGTH EQUATION.

SIGNU1=~-1.0
SIGNU2=~1e0

C SET CONSTANTS FOR THE STRENGTH EQUATION.

SIGNS1=-1.0
SIGNS2=1e0
SIGNS3=140

CONST1=-7+0
CONST2=040
CONST3=~Te0
GO 7O 80

(PI TO SIGMA TRANSITION) OR
(SIGMA TO PT TRANSITION}.

60 WRITE(6+602) (NAME(!PRINT,MI);Ml:l;Z):BRANCHt(FAtTRI(M),M=1y5)



C
C
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90

SET CONSTANTS FOR THE R2 AND RQ21 BRANCHES (PI TO SIGMA TRANSITION) OR
P2 AND PQ12 BRANCHES (SIGMA TO PI TRANSITION).

JU=K-0e5
JL=JU+1.0
IF (FROMPI) JL=JU-1.0
SET CONSTANTS FOR THE WAVELENGTH EQUATION.

SIGNU1=1.0
SIGNU2=1.0

SET CONSTANTS FOR THE STRENGTH EQUATION.

SIGNS1=140
SIGNS2= 1.0
SIGNS3= 1.0
CONST1==7.0
CONST2=0.0
CONST3=-740
GO TO 80

WRITE(65602) (NAME(IPRINTsM1)sM1=152)sBRANCHs (FACTRI (M) sM=1,5)

SET CONSTANTS FOR THE P1 AND PQ12 BRANCHES (PI TO SIGMA TRANSITION} OR
R1 AND RQ21 BRANCHES (SIGMA TO PI TRANSITION).

JU=K+0e5
JL=JU~1.0
IF (FROMP1) JL=JU+1.0

SET CONSTANTS FOR THE WAVELENGTH EQUATION.

SIGNUl=-1.0
SIGNU2=-140

SET CONSTANTS FOR THE STRENGTH EQUATION.

SIGNS1=1.0
SIGNS2=140
SIGNS3=~140

CONST1=-740
CONST2=1.0
CONST3=140

COMPUTE AND DISTRIBUTE THE INTEGRATED INTENSITY DUE TO SPONTANEOUS
EMISSION OF ALL SPECIFIED ROTATIONAL LINES FOR THE APPROPRIATE BRANCH.
J IS THE ROTATIONAL QUANTUM NUMBER OF THE PI STATE. SEE REFERENCE BY
EARLS«

BRANCH=040

J=JL
1F (FROMPI) J=Ju

DO 120 M=KMIN,KMAX
COMPUTE THE WAVELENGTH OF THE LINE CENTER IN ANGSTROMS.

NUBAR=NUBARQ +BVUX( (JU+0D¢5)%%2 ~CAPLU%*%2 +SIGNU1/240 *SQRT(4e0%

1 (JU+05) %%2—4 0 O¥YURCAPLU%%2 +(YUXCAPLU)*%2}))

2 =BVLH*#((JL+0e5)%%2 —CAPLL¥%2 +SIGNU2/2.0%

3 SQRT (44 0% (JL+0e5)%*2 ~4,0%YL¥CAPLL*#*2 +(YLXCAPLL)*#2))
LAMCL=1+0E+8/NUBAR

IF THE LINE WAVELENGTH FALLS OUTSIDE THE SPECTRAL RANGE OF
INTEREST» OMIT IT AND PROCEED TO THE NEXT LINE.

IF (LAMCL LT+ LAMMIN-RANGE*WIDTHYV) GO TO 110
IF(LAMCLeGT«LAMMAX+RANGE*WIDTHYV) GO TO 110

FIND STRENGTH FACTOR FOR SINGLE BRANCHES
U=1e0/SARTIY* %24 40%Y+(240%J+140)%%2)
S={{2.0%J4140)%%2 +SIGNS1#(2.0%J+140)*¥U*(440%I*¥%2 +44,0%J +CONST1
1 +SIGNS2%240%Y))/1160%(J+CONST2)}
IF {«NOT.DBLBRN) GO TO 90
FIND STRENGTH FACTOR FOR DOUBLE BRANCHES.

S=25 +{20%J+1001 % ({4 OXI¥*24400%J=140) —~SIGNSI*¥U*(8s0%J*¥3+12.0
1 H 2 ~2,0%) +CONST3 +SIGNS3%¥2.0%Y))/{160%J%*({J+1e0))

FIND THE INTEGRATED LINE INTENSITY DUE TO SPONTANEOUS EMISSION.

E=S* (NUBARX ¥ 2*AQE ) *¥2*CINT2*#EXP(~1443879%(CINT1
1 +(BVURJUX(JU+1.0) ) /TROT)+2,30259*CINT3}

SET CONSTANTS USED TO DISTRIBUTE THE ROTATIONAL LINE.

NCENTR=1+5+(LAMCL~-LAMMIN) /DELLAM
NSTART=NCENTR-NSPRED

IF (NSTART «LTe 1) NSTART=1
NEND=NCENTR +NSPRED

IF (NEND «GT+ NARRAY) NEND=NARRAY

Tl



C DISTRIBUTE THE ROTATIONAL LINE.

DO 100 M1=NSTART,NEND
COUNT=M1
LAMBDA=LAMMIN+(COUNT~140) *DELLAM
CSPRD3=ABS( ( LAMBDA=LAMCL)/WIDTHV)

100 ELAM(M1)=ELAM(M1) +E* (CSPRDIXEXP (=24 772%CSPRD3%%2)
1 +CSPRD2/ (140+4+0%*CSPRD3%%2) +0.016% CSPRD2¥(1.0-
2 WIDTHL/WIDTHV ) * (EXP(~0+4%CSPRD3#%2.25) =100/
3 {10+ 0+CSPRD3%%2425)))
BRANCH=BRANCH +E
110 Ju=Ju+1.0
JL=JL+1e0
K=K+1e0
120 J=J+1.0

C SET FACTORS IN PREPARATION FOR THE NEXT BRANCHe.

BAND=BAND+BRANCH
SYSTEM=SYSTEM+BRANCH
K=KMIN
IPRINT=IPRINT+2
SWITCH= SWITCH+ 1

C GO TO THE APPROPRIATE BRANCH.
GO TO (10520930+40+505605709130}s SWITCH
C COMPUTE APPROXIMATE BAND INTENSITY. SEE BATESs PAGE 57.

130 QR=TROT/ (1+43879%BVU)
APPROX=ClNTZ*QR*(NUBARO**Z*AOE)**2*EXP(—1-43879*CINT1+
1 2430259%CINT3) %240

WRITE(65601) (NAME(]PRINT’MI)9M1=1;2)9BRANCHy(FACTRl(M),M=1051s
1 BAND!(FACTRI(M)0M=1‘5)hAPPROXv(FACTRI(M)’M=l’5)
RETURN

C FORMATS FOR WRITE STATEMENTS.

600 FORMAT (94X »2A6 s 6HBRANCH »4Xs1PE104455A1)
601 FORMAT (94X s 2A6 » BHBRANCHES s 2X s 1PE10«435A1//

1 104X »10HBAND TOTAL»2Xs1PE1044,5A1/

2 92X s 22HAPPROXIMATE BAND TOTALs2Xs1PE10e495A1)
602 FORMAT{ 94X s 2A6 s SHBRANCHES+2X s 1PE10455A1)

END
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$ORIGIN ALPHA
$IBFTC HFO75H

SUBROUTINE ATOMIC
C SUBROUTINE ATOMIC COMPUTES THE ELECTRONIC TRANSITION FOR ATOMS.

COMMON/CPLOT/LAMMIN.LAMMAXyDELLAM,NARRAY,CINT3,FACTR1(5)
COMMON/CARRAY/TLAM( 9000} ELAM( 9000)

COMMON/CREAD/READ1,READ2 sREAD3sREADSsREADS sREADE
COMMON/CBANDI/ALPHAU;BEUsBETAUoCAPAU,CAPLU,DEUoDZEROU.REU:TERMU,
1 ALPHAL;BEL,BETAL,CAPALyCAPLL;DELyDZEROLoREL,TERML
COMMON/CBANDZ/WEU,WEXEUyWEYEU.wEZEU9BVU;DVU.DEGENU;MU,ALTNAT.

1 WEL sWEXEL sWEYEL»WEZELsBVLsDVL NUSPIN
COMMON/CTEMP/TELECTsTVIB»TROT

COMMON/CWIDTH/WIDTHL s WIDTHY s RANGE
COMMON/CTRAN/PARTCC,NUBARO;Q,AOE;C]NTI;CINTZ,KMIN;KMAX
COMMON/CEXTRA/ INDEX s NFILE s SYSTEMs TOTAL »OUTPUT (12)

REAL ILAMsLAMCL sLAMBDA s LAMMAX s LAMMIN ¢ NAME
DATA BLANK/6H /

C WRITE THE INTEGRATED INTENSITY FOR THE PREVIOUSLY COMPUTED SYSTEMe
IF (SYSTEM «NEe 0e0) WRITE(65600) SYSTEMs t FACTRI (M) sM=1,5)
TOTAL=TOTAL+SYSTEM

10 SYSTEM=040
ATOMCC=READ1
TELECT=READ2
Q@ =READ3
NAME=READ6

C WRITE THE GENERAL HEADING AND DATA FOR ATOMIC TRANSITIONS.

20 WRITE(65601) READ6,ATOMCC,TELECT,Q

30 READ(5y500)WIDTHGaW!DTHLyDEGENU,TERMUyEINSTN.LAMCL.RANGE;READ&
IF (READ6+EQ.BLANK) GO TO 50

¢ WRITE THE TOTAL INTEGRATED SPONTANEOQUS EMISSION INTENSITY FOR THE
C PRIOR ATOMe.



WRITE(65602) NAME,sSYSTEMs (FACTRI(M) sM=1,5}
NAME=READ6

SYSTEM=040

IF{TERMU +EQe 0«0 +ANDs DEGENU «NEs 040} GO TO 40
READ1=WIDTHG

READZ=WIDTHL

READ3=DEGENU

READ4=TERMU

READS=EINSTN

RETURN

40 ATOMCC=WIDTHG
TELECT= WIDTHL
Q=DEGENU
GO TO 20

C FIND THE INTENSITY FACTORs IFf NECESSARY.

50 CINT1= TERMU/TELECT
IFACTR=0462486*CINT1
IF(IFACTR +LTs 30) GO TO 90
CINT4= IFACTR
IF(CINT4 «LTe CINT3) GO TO 90

FACTRI(1)}=0UTPUT(12)
M=IFACTR/1000
DO 60 M1=2,5
FACTRI (M1)=QUTPUT (M+1)
IFACTR=EFACTR=~M*10%%(5~M1)
60 M=TFACTR/10%%{4-M1)

C IF THIS IS NOT THE FIRST INTENSITY FACTOR, ADJUST THE ELAM ARRAY.

IF(CINT3 +EQe 040) GO TO 80
CINTS5= CINT4-CINT3
DO 70 M=1,NARRAY
70 ELAM{M) =ELAM(M}*EXP(2+30259%CINT5}

SYSTEM= SYSTEM¥EXP(2430259%CINTS)
TOTAL= TOTAL*EXP(2430259%CINT5)
80 CINT3= CINT4

€ RANGE IS THE DISTANCE FROM THE LINE CENTERs IN LINEWIDTHS, BEYOND WHICH THE
C LINE INTENSITY IS CONSIDERED ZEROs

90 IF (RANGE «NE. 040) GO TO 95
RANGE= 540
IF (WIDTHL «EQs 0+0) RANGE=3.0

C FIND THE VOIGT LINE WIDTH AT HALF=-HEIGHT.

95 WIDTHV=WIDTHL/240+SQRT(WIDTHL#*%2/4.0+WIDTHG*%2)
IF (WIDTHV o NE. 0.0) GO TO 100
WIDTHV=10+0%DELLAM
WIDTHG=WIDTHV
WRITE(65701)

C FIND THE NUMBER OF ENTRIES IN THE INTENSITY ARRAYs FROM THE LINE CENTERs
C AT WHICH EACH LINE IS ASSUMED TO HAVE A CONTRIBUTION.

100 NSPRED=1e1 +RANGE*WIDTHV/DELLAM

C SET CONSTANTS WHICH DETERMINE THE LINE SHAPE.
CSPRD2=WIDTHL/WIDTHYV
CSPRD3=(14065+0444T#CSPRD2+0,058%CSPRD2**2) #WIDTHV*1.0E-4
CSPRD1=(1+0~CSPRD2})/CSPRD3
CSPRD2=CSPRD2/CSPRD3

IF THE LINE WAVELENGTH FALLS OUTSIDE THE SPECTRAL RANGE OF
INTEREST, OMIT IT AND PROCEED TO THE NEXT LINE.

[aXal

IF(LAMCL4LT4LAMMIN~RANGE*WIDTHV} GO TO 120
TF(LAMCL « GT o+ LAMMAX+RANGE*WIDTHV) GO TO 120

C FIND THE INTEGRATED LINE INTENSITY DUE TO SPONTANEOUS EMISSION,.

E=14580E~16*%ATOMCC*DEGENUXEINSTN*EXP (~1+43879%TERMU/TELECT
1 +2430259%CINT3) /7 (Q*LAMCL )

C SET CONSTANTS USED TO DISTRIBUTE THE ATOMIC LINE.

NCENTR=1e5+(LAMCL-LAMMIN) /DELLAM
NSTART=NCENTR-NSPRED

IF (NSTART 4LTs 1} NSTART=1
NEND=NCENTR +NSPRED

IF (NEND +GT« NARRAY) NEND=NARRAY

C DISTRIBUTE THE ATOMIC LINE.

DO 110 MI=NSTARTsNEND
COUNT=M1
LAMBDA=LAMMIN +(COUNT~140)*DELLAM
CSPRD3=ABS(( LAMBDA-LAMCL ) /WIDTHV)

110 ELAM(M1}=ELAM(M1) +E*(CSPRD1*EXP{(~24772%CSPRD3%%2)
1 +CSPRD2/(1e0+440%CSPRD3#¥2)  +0,016% CSPRD2*(1.0-
2 WIDTHL/WIDTHV) % (EXP(~044%CSPRD3#%2425) -10.0/
3 (10.0+4CSPRD3%%2,25}))

b3



SYSTEM=SYSTEM+E
TOTAL=TOTAL+E

C PRINT ATOMIC LINE INFORMATION.

IDEGEN= DEGENU+ 0.1

IRANGE= RANGE+ 0e1l

WRITE(65603) LAMCL’IDEGEN,TERMUsElNSTNoWIDTHG.NIDTHL;WIDTHV:
1 IRANGE »E s (FACTRI (M) yM=155})
GO TO 30

C LINE WAVELENGTH FALLS OUTSIDE SPECTRAL RANGE OF INTEREST.

120 WRITE(65700) LAMCL
GO TO 30

C FORMAT FOR READ STATEMENT.
500 FORMAT{6E10409E60sAb)
C FORMATS FOR WRITE STATEMENTS.

600 FORMAT(//103Xs12HSYSTEM TOTALs1X»1PE10s4s5A1)
601 FORMAT(//52Xs25HATOMIC LINE SPECTRUM FOR sA6//
35X s 9HNUMBER OF/
35Xy SHATOMS » 20X
1OHELECTRONIC 16X s 9HPARTITION/
35X 96HPER CCy19Xs11HTEMPERATURE »15X s 8HFUNCTION//
35X 1PE10e4s15X9E10e4916XsEL10e4//
9x:IOHWAVELENGTH)6X’10HELECTRONIC’6Xl10HELECTRONIC!6X'
SHEINSTEIN»9X» 11HATOMIC LINE»16Xs5SHRANGE »10X» 10HINTEGRATED/
9Xs12HIN ANGSTROMS s4X s LOHDEGENERACY s 6X» 11HTERM ENERGY s
5XsTHA COEFFy10Xs20HWIDTH AT HALF=HEIGHT »7Xs THIN LINE»
8XsGHINTENSITY/
74X 921HGAUSS LORENTZ VOIGT 96X 9 6HWIDTHS 29X s 8HW/CM2=SR/ /)
602 FORMAT(/76X+10HSUM OF THE 3 1X+A61Xs21HATOMIC LINES INCLUDED
1Xs1PE10W4s5A1)
603 FORMAT(9X¢F9.3;11X,IZ,10Xs1PE11-5;5X31PEIOo4g5Xp3(0PF7-3le)v
1 5X914911Xs1PE10s4s5A1)

CONOWVMPOUN -

C FORMATS FOR ERROR STATEMENTS.

700 FORMAT( 10Xs8HLINE ATs1PE1O4s43H ANGSTROMS FALLS OUTSIDE THE PLOT
1TING RANGE)

701 FORMAT(/8%X»11THLINE WIDTHS WERE NOT INPUT FOR NEXT LINEe PROGRAM I
IMPOSED A GAUSSIAN PROFILE WITH WIDTH AT HALF-HEIGHT = 10%INTERVAL.
2)

END

00000000‘0000000000‘000~000*060040400000000000000'000000’00000000000000000000000000000000‘000000

SORIGIN ALPHA
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SUBROUTINE PRINT(NEWCAS)

SUBROUTINE PRINT TABULATES SPECTRAL INTENSITY VS WAVELENGTH ON THE
WRITTEN OUTPUT.

laXal

IN THIS SUBROUTINEs THE ILAM ARRAY, WHICH NOW CONTAINS WAVELENGTHSS WILL
BE NAMED LAMBDA.

la¥al

COMMON/CPLOT/LAMMIN,LAMMAXyDELLAMyNARRAY;CINTB;FACTR](5)
COMMON/CARRAY /LAMBDA( 9000)sELAM(9000)
COMMON/CREAD/READI,READZ9READ39READA,READ5,READ6
COMMON/CBANDl/ALPHAU,BEUoBETAU,CAPAU’CAPLU;DEU'DZEROU9REU»TERMU;
1 ALPHAL,BELyBETAL,CAPAL;CAPLL;DEL-DZEROL:RELsTERML
COMMON/CBANDZ/WEU)WEXEU’WEYEUvNEZEU9BVU,DVU'DEGENU’MU;ALTNAT’

1 WEL sWEXEL sWEYEL sWEZEL»BVLsOVLs NUSPIN
COMMON/CTEMP/TELECT»TVIB»TROT

COMMON/CWIDTH/WIDTHL s WIDTHV » RANGE
COMMON/CTRAN/PARTCC,NUBAROaQ,AOE’CINTlpCINTZoKMIN;KMAX
COMMON/CEXTRA/INDEX,NFILE;SYSTEM.TOTAL,OUTPUT(12)

REAL LAMBDA,LAMMAXsLAMMIN
LOGICAL NEWCAS
DATA LOG/6HLOG

WRITE GENERAL HEADING AND READ A CARD SPECIFYING WHETHER THE
INTENSITIES ARE TO BE PRINTED AS LINEAR OR LOG VALUES.

[akal

WRITE(65600)

IF(NEWCAS) GO TO 50

READ (5,500) KIND

IF(KIND oNEs LOG) GO TO 50

C A LOG OUTPUT IS DESIRED.

WRITE HEADING FOR THE LOG OUTPUT, ENSURE THAT THE LOG OF ZERO WILL
NOT BE TAKENs AND APPLY THE INTENSITY FACTOR.

la¥al

WRITE(6+601)
DO 10 M=1,NARRAY
IF (ELAM(M) +EQ. 0.0) ELAM({M)=1.0E~38
10 ELAM(M)=ALOG10(ELAM(M)) - CINT3



NWRITE=NARRAY/4
N1=NWRITE+1
N2=2#NWRITE+1
N3=3#NWRITE+1

C PRINT THE LAMBODA VERSUS LOG(ELAM) VALUES IN FOUR COLUMNS ACROSS THE PAGEe.

DO 20 M=1,NWRITE
WRITE(69602) LAMBDA(M) sELAM(M)sLAMBDA{N1)+sELAM(N1) »LAMBDA(N2)
1 ELAM(N2) sLAMBDA(N3) »ELAM(N3)
N1=N1+1
N2=N2+1
20 N3=N3+1

C IS THE PRINTING COMPLETED. IF SOs RETURN TO THE MAIN PROGRAM.

IF (4%*NWRITE.EQeNARRAY) RETURN
N1=4%NWRITE+1
NWRITE=NARRAY-4%NWRITE

C WRITE THE REMAINING VALUES AND RETURN TO THE MAIN PROGRAM.

DO 30 M=1sNWRITE
WRITE(6+603) LAMBDA(N1)sELAM(N])
30 N1=N1+1
RETURN

C A LINEAR OUTPUT IS DESIREDs
C WRITE THE HEADING FOR THE LINEAR OUTPUT.

50 WRITE(6+605)
NWRITE=NARRAY/4
N1=NWRITE+1
N2=2%NWRITE+]1
N3=3%NWRITE+1

C PRINT THE LAMBDA VERSUS ELAM VALUES IN FOUR COLUMNS ACROSS THE PAGE.

DO 60 M=1,NWRITE
WRITE(6+606) LAMBDA (M) sELAM(M) s (FACTRI(M1)sM1=155)sLAMBDA(N1) >
1 ELAM(NL) 9 (FACTRI(M1)sM1=195)LAMBDA(N2) sELAM(N2),
2 (FACTRI(M1)sM1=1+5)sLAMBDA(N3) +sELAM(N3)
3 {FACTRI{M1)sM1=155)
N1=N1+1
N2=N2+1
60 N3=N3+1

C IS THE PRINTING COMPLETEDs IF SO» RETURN TO THE MAIN PROGRAM.

IF (4*NWRITE.EQeNARRAY) RETURN
N1=4*NWRITE+1
NWRITE=NARRAY-4%NWRITE

C WRITE THE REMAINING VALUES AND RETURN TO THE MAIN PROGRAM.

DO 70 M=1,NWRITE
WRITE(69607) LAMBDA(N1)»ELAM(NL) » (FACTRI(M1)sM1=145)
70 N1=N1+1
RETURN

C  FORMAT FOR READ STATEMENT.
500 FORMAT (66X sA6)
C FORMATS FOR WRITE STATEMENTS.

600 FORMAT(//49X+34HTABULATION OF COMPUTED SPECTRUM//)
601 FORMAT (4 (3X»29HWAVELENGTH LOG 10(INTENSITYs1X)/
1 4(3Xs29HANGSTROMS W/CM2-MICRON~SR) s1X}//)
602 FORMAT{4(4X9FB8a235XsF10e436X})
603 FORMAT(103XsFBa235XsF10e4)
605 FORMAT(4(3Xy21HWAVELENGTH INTENSITY,»8X)/
1 4 (3Xs27THANGSTROMS W/CM2-MICRON-SRs2X}/7/)
606 FORMAT (4 (4Xs0PF8e244Xs1PE11e495A1))
607 FORMAT(100XsFBa2s4Xs1PE114455A1)

END
A R R R R R A R R AR R S R
$ORIGIN ALPHA
$IBFTC HFO75K

SUBROUTINE INTRVLININTRV)

C SUBROUTINE INTRVL COMPUTES INTEGRATED INTENSITIES BETWEEN SPECIFIED

C  WAVELENGTHS.

C IN THIS SUBROUTINEs THE ILAM ARRAYs WHICH NOW CONTAINS WAVELENGTHS, WILL
C BE NAMED LAMBDA.

COMMON/CPLOT/LAMMIN,LAMMAX s DELLAM, NARRAY s CINT3,FACTRI(5)
COMMON/CARRAY/LAMBDA( 9000)sELAM( 9000)
COMMON/CREAD/READ1,READ2sREAD3sREAD4,,READSSREADS

COMMON/CBAND1 /ALPHAU s BEUsBETAUs CAPAU,CAPLUsDEUsDZEROUsREUs TERMU s
1 ALPHAL »BEL sBETAL s CAPAL s CAPLL sDEL s DZEROLsREL s TERML
COMMON/ CBAND2 /WEU s WEXEUsWEYEUsWEZEU»BVUsDVU+DEGENUsSMUs ALTNAT »

1 WEL sWEXEL sWEYEL#WEZELsBVLsDVL NUSPIN
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600

601

COMMON/CTEMP/TELECT»TVIB»TROT
COMMON/CWIDTH/WIDTHL s WIDTHV » RANGE
COMMON/CTRAN/PARTCC,NUBARO;Q,AOE,CINTInCINTZ;KMlN-KMAX
COMMON/CEXTRA/INDEX,NFILEySYSTEM;TOTAL,OUTPUT(12)

REAL LAM1,LAM2,LAMMAX LAMMIN,LAMBDA,

WRITE GENERAL HEADING AND READ WAVELENGTH LIMITS FOR INTEGRATION
INTERVAL.

WRITE(6+600)
READ{55500) LAMls LAM2

INITIALIZE INTEGRATED INTENSITY FOR THIS INTERVAL.
TOTALI=0.0

IF THE UPPER WAVELENGTH LIMIT WAS INPUT FIRST, WRITE AN ERROR
MESSAGE AND OMIT THIS INTERVAL.

IF (LAM2 +LE. LAM1) GO TO 70

IF WAVELENGTH LIMITS ARE OUTSIDE SPECTRAL RANGE CONSIDEREDs SET
INTEGRATION LIMITS TO APPROPRIATE END WAVELENGTH.

IF (LAM1 oLTe LAMMIN) LAM1=LAMMIN
IF (LAM2 «GTe LAMMAX) LAM2=LAMMAX

FIND INDICES IN INTENSITY ARRAY TO BE INCLUDED IN INTEGRATION.

NSTART= 140 +(LAM1-LAMMIN)/DELLAM
NEND= 1e0 +(LAM2-LAMMIN)/DELLAM

TEST INTERVAL LIMITS.
IF (NSTART «LT. NEND)} GO TO 20
THE INTERVAL 1S BOUNDED BY CONSECUTIVE ENTRIES IN THE LAMBDA ARRAY.
SLOPE=(ELAM(NSTART+1)-ELAM(NSTART))/DELLAM
TOTALI=((SLOPE*(LAMl—LAMBDA(NSTART))+ELAM(NSTART))+(SLOPE*(LAM2—
1 LAMBDA(NSTART))+ELAM(N$TART)))*(LAMZ-LAM])/2.0E+“
GO TO S0
15 THERE A RIGHT=HAND INCREMENT.
IF (NEND+EQ.NARRAY) GO TO 30
COMPUTE INTEGRATED INTENSITY FROM RIGHT-HAND INCREMENTAL AREA.
ELAM1=(ELAM(NEND+1)—ELAM(NENO))*(LAMZ—LAMBDA(NEND))/
1 DELLAM+ELAMINEND)
TOTALI=(ELAM1+ELAM(NEND))*(LAMZ—LAMBDA(NEND))/2-0E+4
COMPUTE INTEGRATED INTENSITY FROM LEFT~HAND INCREMENTAL AREA.

ELAM1=(ELAM(NSTART)—ELAM(NSTART+1))*(LAMBDA(NSTARTfl)-LAMl)/
1 DELLAM+ELAM(NSTART+1)

TOTALI=TOTALI+(ELAM1+ELAM(NSTART+1))*(LAMBDA(NSTART+1)~LAM1)/2.E+4

DO INTERVAL LIMITS BOUND A SINGLE ENTRY IN THE LAMBDA ARRAY.
IF (NEND «EQs NSTART+1) GO TO 50

COMPUTE INTEGRATED INTENSITY FROM CENTRAL INCREMENTAL AREAS.
NSTART=NSTART+2
DO 40 M=NSTART,NEND

TOTALI=TOTAL[+(ELAM(M)+ELAM(M-1))*DELLAM/2.0E+4

WRITE WAVELENGTH LIMITS AND RESULTING VALUE OF INTEGRATIONe

WRITE(65601) LAM1,LAM2,TOTAL1» (FACTRI{M) sM=145)

IF INTEGRATION HAS BEEN COMPLETED FOR ALL SPECIFIED INTERVALSS
RETURN TO MAIN PROGRAM.

NINTRV=NINTRV-1
IF {NINTRVeNE.O) GO TO 10
RETURN
THERE 1S AN ERROR IN THE LIMITS FOR THE INTEGRATION INTERVAL.

WRITE(65700) LAM1sLAM2
GO TO 60

FORMAT FOR READ STATEMENT.
FORMAT(2E10+0)
FORMATS FOR WRITE STATEMENTS.

FORMAT{///50Xs31HINTEGRATED SPECTRAL INTENSITIES//

1 35X s L6HLOWER WAVELENGTH 10Xs16HUPPER WAVELENGTH»10Xs 10HINTEGR

2ATED/ 35X SHLIMIT21X s SHLIMIT»21Xs SHINTENSITY/
3 35X99HANGSTROMSI7Xy9HANGSTR0MS,17X08HW/CM2—SR//)
FORMAT(35X» 1PE10a4316XsEL10e4s16XsE10e495A1)



C

700

Pttt P Pttt sttt et et ttttettttttstttttttttetttetttrtsetssestesrsersitnssssssssetssertrettsbrrese

$OR

FORMAT FOR ERROR STATEMENT

FORMAT(//10Xs16HTHE LOWER LIMIT +1PElls4333H IS GREATER THAN THE U
1PPER LIMIT sE1le4s36H THUS INTEGRATION WAS NOT PERFORMED. }

END

IGIN ALPHA

$IBFTC HFO75L

[aNal [aX3] 0o

NN

lalaNalakakakalaRakal

[a¥al

SUBROUTINE SLIT(NSLIT}

SUBROUTINE SLIT COMPUTES THE OUTPUT SIGNAL GIVEN BY A SPECIFIED
INSTRUMENT SENSITIVITY.

IN THIS SUBROUTINEs THE ILAM ARRAY»s WHICH NOW CONTAINS WAVELENGTHS, WILL
WILL BE NAMED LAMBDA.

COMMON/CPLOT/LAMMIN » LAMMAX s DELLAM s NARRAY s CINT3sFACTRI(5)
COMMON/CARRAY/LAMBDA( 9000)sELAM( 9000)
COMMON/CREAD/READ1,READ2 sREAD3»READ4SREADS5sREADG

COMMON/CBAND1 /ALPHAU 9 BEUsBETAU» CAPAUCAPLUSDEUSDZEROUSREU» TERMU»
1 ALPHAL »BEL sBETAL s CAPAL s CAPLL sDEL s DZEROLSREL » TERML
COMMON/CBAND2 /WEUsWEXEU sWEYEUSWEZEUsBVUsDVUSDEGENUsMUs ALTNAT »
1 WELsWEXEL sWEYELsWEZEL»BVLSDVL NUSPIN
COMMON/CTEMP/TELECT»TVIBsTROT

COMMON/CWIDTH/WIDTHL s WIDTHV » RANGE
COMMON/CTRAN/PARTCCsNUBARO »Q»AOE s CINT1 3CINT23KMINsKMAX
COMMON/CEXTRA/ INDEXsNFILE»SYSTEMy TOTAL yOUTPUT(12)

DIMENSION LAM{100)sRSLIT(100)sLAMR(100)sRLAM(100)sLAMS(500)
1SIGLAM(500) sLAMSAV(100)

REAL LAM1,LAM2,LAMsLAMBDAsLAMR s LAMS,LAMCL yLAMS1sLAMS2, LAMSAY
INTEGER BLOCKsFACTRIsSCANSFLAG

DATA  SLIT1/4HSLIT/

WRITE THE GENERAL HEADING AND INITIALIZE THE COUNTER SPECIFYING
HOW MANY SLIT CASES HAVE BEEN COMPLETED.

WRITE(65600)
MSLIT=0

ARE ALL THE DESIRED SLIT CASES COMPLETEDs IF SOs RETURN TO THE MAIN PROGRAMe
IF(MSLITSEQ.NSLIT) RETURN

THIS IS THE STARTING POINT FOR THE CONSIDERATION OF EACH NEW SLIT CASE.

IF AN ERROR WAS DETECTED IN THE PRIOR CASEs READ THROUGH THE REMAINING CARDS.
READ(55505) SEARCH
IF(SEARCHWNE.SLIT1) GO TO 6
MSLIT=MSLIT+1

INITIALIZE THE INSTRUMENT OUTPUT SIGNAL.

SIGNAL=0.0
WRITE(6+616)

READ THE CARD THAT SPECIFIES THE TYPE OF INSTRUMENT SENSITIVITY TO BE
CONSIDERED

NPOINT= NUMBER OF ARRAY ELEMENTS SPECIFYING SLIT FUNCTIONe IF
NPOINT=0s THE SLIT FUNCTION 1S SPECIFIED BY A GAUSSIAN CURVE.

SCAN= 1 SPECIFIES A SCANNING SLIT CASE. SCAN= 0 SPECIFIES A FIXED
SLIT CASE.

STEP= DISTANCE IN ANGSTROMS THAT THE SLIT IS MOVED FOR EACH STEP OF
THE SCANe

tAMS1= STARTING WAVELENGTH OF THE SCAN FOR A SCANNING SLIT. LOCATION
OF THE SLIT CENTER LINE FOR A FIXED LINEAR SLIT.
LAMS2= STOPPING WAVELENGTH OF THE SCAN FOR A SCANNING SLIT.
NRLAMS= NUMBER OF ARRAY ELEMENTS IN THE SPECTRAL CALIBRATION ARRAY.
READ(5+500) NPOINTsSCANsSTEPsLAMS1sLAMS2 3 NRLAMS
WRITE HEADINGS FOR THE APPROPRIATE CASE.

IF(SCAN«NE«1) WRITE(65601) MSLIT
IF{SCANeEQsl) WRITE(65602) MSLIT,LAMS1sLAMS2,STEP

WAS THE UPPER SCAN LIMIT INPUT LESS THAN OR EQUAL TO THE LOWER LIMIT.
IF SO0s WRITE AN ERROR MESSAGE AND OMIT THIS SLITe

IF(SCANSEQs1eAND LAMS24LE.LAMS1) GO TO 272

1S THE SLIT FUNCTION SPECIFIED BY A GAUSSIAN CURVE OR BY A SET
OF LINEAR SEGMENTS.

IF(NPOINT+EQ.0) GO TO 25

THE SLIT FUNCTION IS SPECIFIED BY LINEAR SEGMENTS. READ IN»
PRINTs AND TEST THE DEFINING VALUES OF THE SLIT FUNCTION.

READ(55502) {(LAM{(M)sRSLIT(M)4M=1,NPOINT)
WRITE(65603) .
WRITE(69604) (LAM(M)+RSLIT(M)sM=14NPOINT)

b7
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DO THE WAVELENGTHS SPECIFYING THE SLIT FUNCTION INCREASE
MONOTONICALLY+ IF NOT, WRITE AN ERROR MESSAGE AND OMIT THIS SLIT.

M1=NPOINT-1

DO 10 M=1,M1
IF(LAM(M)+GE+LAM{M+1)) GO TO 265
CONTINUE

FIND THE PEAK OF THE SLIT FUNCTION AND COMPUTE THE EFFECTIVE WIDTH OF THE
SLIT FUNCTION SPECIFIED BY LINEAR SEGMENTS.

WIDTH=0.0

RMAX=0+0

DO 15 M=1,NPOINT
IF(RSLTIT(M)«GTeRMAX) RMAX=RSLIT(M)

M1=NPOINT-1

DO 20 M=1,Ml
WIDTH=WIDTH+O.5*(RSLIT(M+1)+RSLIT(M))*(LAM(M+1)—LAM(M))/RMAX

READ THE DATA DENOTING THE CENTER OF THE SLIT FUNCTION AND THE CALIBRATION
FACTOR USED TO SPECIFY THE INSTRUMENT SENSITIVITY IF THIS Is A FIXED
WAVELENGTH RADIOMETER.

READ({55503) LAMCLsRLAMCL

1S THE SPECIFIED CENTER OF THE SLIT FUNCTION COMPATIBLE WITH THE SLIT
FUNCTION DATA. IF NOTs WRITE AN ERROR MESSAGE AND OMIT THIS SLIT.

IF (LAMCL LT «LAM(1) «OReLAMCL+GT«LAM{NPOINT)} GO TO 266
GO TO 30

THE SLIT FUNCTION 1S SPECIFIED BY A GAUSSIAN FUNCTIONe PRINT THE
HEADING AND READ THE DEFINING DATA.

WRITE(6+5607)
READ(5,501) LAMCLsRLAMCLSWIDTH

1S THIS A SPECTROGRAPH OR SCANNING SPECTROMETER CASE.
IF(SCANCEQs1) GO TO 45

THIS IS A FIXED WAVELENGTH RADIOMETER.
IF(NPOINT.EQs0) GO TO 40

PRINT ADDITIONAL LINEAR SLIT DATA.
WRITE(65605) LAMCLsLAMSLsRLAMCLSWIDTH

POSITION THE SLIT AT THE SPECIFIED WAVELENGTHe

SHIFT=LAMS1~LAMCL
DO 35 M=1,NPOINT
LAM (M) =LAM{M)+SHIFT

IF PART OR ALL OF THE INSTRUMENT SENSITIVITY LIES OUTSIDE THE
COMPUTED SPECTRUMs WRITE AN ERROR MESSAGE AND OMIT THIS SLIT.

IF(LAM(1) «LTe LAMBDA(1)) GO TO 260
IF (LAM(NPOINT) «GT. LAMBDA(NARRAY)) GO TO 260
GO TO 125

PRINT THE GAUSSIAN INPUT DATA.

WRITE(69608) LAMCLsRLAMCL sWIDTH
TEST1=LAMBDA (1) - (LAMCL-3.0%WIDTH)
IFITEST14GTe0s0) GO TO 260
TEST2=LAMBDA (NARRAY )= {LAMCL+3.0*WIDTH)
IF(TEST24LT+0.0) GO TO 260

GO TO 155

THIS 1S A SPECTROGRAPH OR A SCANNING SPECTROMETER CASE. POSITION THE
SLIT AT THE START OF THE SCAN AND TEST THE SPECIFIED END POINTS OF
THE DESIRED SPECTRAL COVERAGE.

IF(NPOINT.EQ.0) GO TO 70

THE SLIT FUNCTION 1S SPECIFIED BY A LINEAR SLITs
PRINT ADDITIONAL SLIT DATA.

WRITE(6+606)
WRITE(65604) LAMCL,WIDTH

POSITION THE LINEAR SLIT AT THE SPECIFIED STARTING WAVELENGTH FOR THE SCANe

SHIFT=LAMS1-LAMCL
DO 55 M=1sNPOINT
LAM(M) =LAM{M) +SHIFT)

TEST THE INPUT DATA FOR THE LINEAR SCANNING SLITe.

IF PART OR ALL OF THE INSTRUMENT SENSITIVITY WILL FALL OUTSIDE THE
COMPUTED SPECTRUMs MAKE THE APPROPRIATE ADJUSTMENT AND WRITE A MESSAGE
INDICATING THIS WAS DONE.

TEST1=LAMBDA(1)-LAM(1)
IF(TEST1+LE«0e0) GO TO 65
LAMS1=LAMS1+TEST]

DO 60 M=1ls NPOINT



60 LAM(M)=LAM(M) + TEST1
65 TEST2=LAMBDA (NARRAY) - (LAMS2+LAM{NPOINT }~LAMS1)
GO TO 77

C  PRINT THE GAUSSIAN SLIT DATA.

70 WRITE(6+609) WIDTH

C TEST THE INPUT DATA FOR THE GAUSSIAN SCANNING SLITe

C IF PART OR ALL OF THE INSTRUMENT SENSITIVITY WILL FALL OUTSIDE THE

C COMPUTED SPECTRUMs MAKE THE APPROPRIATE ADJUSTMENT AND WRITE A MESSAGE
C  INDICATING THIS WAS DONE.

TEST1=LAMBDA(1)-(LAMS1=34,0*%WIDTH)
IF(TESTleLE«0e0) GO TO 75
LAMS1=LAMS1+TEST1

75 TEST2=LAMBDA(NARRAY)~(LAMS2+3,0%WIDTH)

77 IF(TEST2eLTa0e0) LAMS2=LAMS2+TEST2
IF(TEST1eGTe0e0eOReTEST2eLT+0s0) WRITE(65702) LAMS1,LAMS2,STEP

C POSITION THE SLIT AT THE SPECIFIED STARTING WAVELENGTH OF THE SCAN.
LAMCL=t AMS1

C READ AND PRINT DATA SPECIFYING SPECTRAL CALIBRATION OF SCANNING SLIT.
READ(5+502) (LAMR(M) yRLAM(M) sM=1sNRLAMS )

WRITE(64+610)
WRITE(69604) (LAMR(M)s RLAM(M) sM=1,NRLAMS)

C IF THE WAVELENGTH VALUES OF THE SPECTRAL CALIBRATION DO NOT INCREASE
C  MONOTONICALLYs WRITE AN ERROR MESSAGE AND OMIT THIS SLITe.
M2=NRLAMS-1
DO 90 M=1,M2
IF (LAMR (M) «GE+LAMR(M+1)) GO TO 270
90 CONTINUE

C IF THE END POINTS OF THE SPECTRAL CALIBRATION DO NOT BOUND THE
C SCANNING RANGEs WRITE AN ERROR MESSAGE AND OMIT THIS SLITe

IF(LAMS14LT.LAMR(1)) GO TO 271
IF(LAMS2+GTo LAMRINRLAMS)) GO TO 271

C SET THE INITIAL VALUES OF COUNTERS AND WAVELENGTHS FOR THE SCANe

NSIGLM=1
LAMS(1)=LAMS]
BLOCK=1
FLAG=0
NSTEP=0

C THIS IS THE STARTING POINT FOR EACH STEP OF THE SCAN.

C LOCATE THE SLIT CENTER WAVELENGTH BETWEEN THE PROPER ELEMENTS IN
C THE SPECTRAL CALIBRATION ARRAY.

NRLAM=1

95 1F (LAMCL « GE 4 LAMR(NRLAM) e AND« LAMCL o« LE4LAMR{NRLAM+1)) GO TO 115
NRLAM= NRLAM+1
GO TO 95

C FIND THE SPECTRAL CALIBRATION RLAMCL AT THE SLIT CENTER FOR THIS
C STEP OF THE SCAN.
115 RLAMCL=RLAM(NRLAM}+ (LAMCL-LAMR (NRLAM) ) ¥ (RLAM{NRLAM+1) -
1RLAM{NRLAM) )/ { LAMR({NRLAM+1)~LAMR(NRLAM))
IF(NPOINT.EQe0Q) GO TO 155

C THE INTEGRATION SCHEME FOR LINEAR SLITS BEGINS HEREe.
C SET THE INITIAL INDEX VALUES FOR THE INTEGRATIONe N1 AND N2 ARE
C INDICES IN THE SPECTRAL ARRAY. M1 AND M2 ARE INDICES IN THE
C SLIT FUNCTION ARRAY.
125 NSTART=1e¢l+(LAM{1}-LAMBDA(1))/DELLAM
N1=NSTART
N2=N1+1
M1=1
M2=2

C COMPUTE THE SPECTRAL INTENSITY AT THE LEFT-HAND END POINT OF
C THE SLIT FUNCTION.

LAMI=LAM(1)

RSLIT1=RSLIT(1)

ELAM1=ELAM(N2) +(LAMBDA(N2)=LAM(1)}%({ELAM(N1)~ELAMIN2))/
1 DELLAM

C 1S THE RIGHT-HAND POINT OF THE INTERVAL IN THE SPECTRUM OR SLIT
C  FUNCTION ARRAY.

135 IF (LAMBDA(N2)+LToLAM{M2)) GO TO 140

h9
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THE RIGHT-HAND POINT OF THE INTERVAL IS IN THE SLIT FUNCTION ARRAY.

LAM2=LAM(M2)

RSLIT2=RSLIT(M2)

ELAM2=ELAM(N2) +(LAMBDA(N2)-LAM(M2) )% (ELAM(N1)}~ELAMIN2})/
1 DELLAM

M1=M1+1

M2=M2+1

GO TO 145

THE RIGHT-HAND POINT OF THE INTERVAL IS IN THE SPECTRUM ARRAY.

LAM2=LAMBDA(N2)
RSLIT2=RSLIT(M2)+(LAM(M2)-LAMBDA(N2))*(RSLIT(MI)-RSLIT(MZ))/
1 (LAM(M2Z2)}=LAM(M1))

ELAM2=ELAM(N2)

N1=N1+1

N2=N2+1

GENERATE THE LINEAR SLIT INSTRUMENT OUTPUT SIGNAL.

SIGNAL=SIGNAL +{ELAM1*RSLIT1+ELAMZ¥RSLIT2)*RLAMCL*
1(LAM2~LAM1)/2.0E+4

1S THE INTEGRATION FOR THIS SLIT OR THIS STEP IN THE SCAN COMPLETE.
IF(LAM(NPOINT)-LAM2.1LE«O+ 1 *DELLAM) GO TO 150
MOVE TO THE NEXT INTERVALe
THE LEFT-HAND POINT OF THE NEW INTERVAL IS THE RIGHT-HAND POINT OF
THE PRIOR INTERVAL.
LAM1=LAM2
RSLIT1=RSLIT2
ELAM1=ELAM2
GO TO 135

DIVIDE BY THE SLIT WIDTH TO YIELD THE INSTRUMENT OUTPUT
AT THIS WAVELENGTH.

SIGNAL=SIGNAL/ (WIDTH*1.0E~04)
GO TO 165

THE INSTRUMENT SENSITIVITY IS SPECIFIED BY A GAUSSIAN CURVE.

THE INTEGRATION SCHEME FOR GAUSSIAN SLITS BEGINS HERE.

FIND INDICES IN THE SPECTRUM ARRAY TO BE INCLUDED IN THE INTEGRATION.
NSTART=1e1+ (LAMCL-3.0%WIDTH-LAMBDA (1)} /DELLAM
NEND=6+0*WIDTH/DELLAM
NEND=NSTART+NEND+1

SET THE INITIAL INDEX VALUES FOR THE INTEGRATION.

N1=NSTART
N2=N1+1

COMPUTE THE PRODUCT OF SPECTRAL INTENSITY AND INSTRUMENT SENSITIVITY
AT THE LEFT-HAND SIDE OF THE INTEGRATION ELEMENT.

ELAM1=ELAM(NL ) *RLAMCL¥EXP (=24 772% ( (LAMBDA (N1)-LAMCL) /WIDTH) *%2)

COMPUTE THE PRODUCT OF SPECTRAL INTENSITY AND INSTRUMENT SENSITIVITY AT
THE RIGHT-HAND SIDE OF THE INTEGRATION ELEMENT.

ELAM2=ELAMIN2) *RLAMCL¥EXP (=24 772% ( (LAMBDA (N2} ~LAMCL) /WIDTH) ¥*2)
GENERATE THE GAUSSIAN SLIT INSTRUMENT OUTPUT SIGNAL.

SIGNAL=SIGNAL +(ELAM1+ELAM2)*DELLAM/2+0E+04

N1=N1+1

N2=N2+1
1S THE INTEGRATION FOR THIS SLIT OR THIS STEP IN THE SCAN COMPLETE.

1F (N2 «GT. NEND) GO TO 161

ELAM1=ELAMZ

GO TO 160

DIVIDE BY THE APPROPRIATE SLIT WIDTH TO YIELD THE INSTRUMENT OUTPUT
AT THIS WAVELENGTHe

SIGNAL=SIGNAL/ (WIDTH*1.06439E-04)
1S THIS A SCANNING SLIT CASE.

IF(SCAN «NE. 1) GO TO 255
THIS IS A SCANNING SLIT CASE.

SIGLAM{NSIGLM)=SIGNAL
15 THE SCAN COMPLETED.

IF{FLAG.EQs1) GO TO 250
1S A DATA BLOCK CONTAINING 500 ENTRIES FROM THIS SCAN COMPLETED. IF SOs GO
TO THE PORTION OF THE SUBROUTINE WHERE THE DATA BLOCK WILL BE PRINTED ON
THE OUTPUT SHEET.

IF{NSIGLM«EQ4500) GO TO 250
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C
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210
215
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225
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250
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C
255
C
C
C
260
C
C
265

C
C

1S THE NEXT STEP THE LAST FOR THIS SCAN.

TEST=LAMS2-LAMS(NSIGLM)
IF(TEST.LE.STEP) GO TO 200

SET THE COUNTERS AND WAVELENGTHS FOR THE NEXT STEP OF THE SCANe
NSTEP=NSTEP+1
COUNT=NSTEP
LAMCL=LAMS1+COUNT*STEP
IF A DATA BLOCK WAS JUST PRINTED (NSIGLM=500)s READJUST THE COUNTER NSIGLMe
IF(NSIGLMeNE+500) GO TO 185
NSIGLM=1
LAMS{1)=LAMS1+COUNT*STEP
GO TO 190

NSIGLM=NSIGLM+1
LAMS (NSIGLM) =L AMS1+COUNT*STEP

IFI(NPOINT.EQ.0) GO TO 225
SAVE THE WAVELENGTHS OF THE SLIT FUNCTION AT THE FIRST SCANNING LOCATION.
IF(NSTEP«GT.1) GO TO 196
DO 195 M=1,NPOINT
LAMSAV (M) =LAM(M)
DO 197 M=1,NPOINT
LAM (M) =LAMSAV (M) +COUNT*STEP
GO TO 225
SET UP THE LAST STEP OF THE SCANe

FLAG=1
LAMCL=LAMS2

IF A DATA BLOCK WAS JUST PRINTEDs READJUST THE COUNTER NSIGLM.
IF (NSIGLM.NE.500) GO TO 205
NSIGLM=1
LAMS (1) =LAMS2
GO TO 210

NSIGLM=NSIGLM+1
LAMS (NSTGLM)=LAMS2

IF(NPOINT.EQ.0) GO TO 225
DO 215 M=1l, NPOINT
LAM(M) =LAM(M) +TEST
RE-INITIALIZE SIGNAL FOR THE NEXT STEP OF THE SCAN.
SIGNAL=040
GO TO 95

IF THIS 1S THE FIRST DATA BLOCK, PRINT THE SCAN DATA HEADING ON THE
OUTPUT SHEET.

IF(BLOCK<EQel) WRITE(6+612)
PRINT THE SCAN DATA ON THE OUTPUT SHEET.

WRITE(63s613) (LAMS(M) sSIGLAM(M) » (FACTRI(M1)sM1=155)s M=1,NSIGLM)}
IS THIS SCAN CASE COMPLETED.

IFIFLAG.FQ.1) GO TO 5
THE SCAN CASE IS NOT COMPLETEDe CONTINUE THE SCAN.

BLOCK=BLOCK+1
GO TO 180

WRITE THE FIXED WAVELENGTH RADIOMETER DATA ON THE OUTPUT SHEET.

WRITE(65615) SIGNAL,{(FACTRI(M)sM=1,5)
GO TO 5

THERE IS AN ERROR IN THE SLIT INPUT DATA. WRITE AN ERROR MESSAGE
AND CONTINUES.

ALL OR PART OF THE FIXED SLIT LIES OUTSIDE THE COMPUTED SPECTRUM.

WRITE(6,700)
GO TO 5

WAVELENGTHS SPECIFYING THE LINEAR SLIT FUNCTION DO NOT INCREASE
MONOTONICALLY.

WRITE(6,701)
GO TO 5

SPECIFIED CENTER OF THE SLIT FUNCTION LIES OUTSIDE THE SPECIFIED SLIT
FUNCTION.

51



52

266 WRITE(6+606)
WRITE(6+604) LAMCL,WIDTH
WRITE(6,704)

GO 10 5

C WAVELENGTHS OF SPECTRAL CALIBRATION DO NOT INCREASE MONOTONICALLY.

270 WRITE(6,701)
GO TO S

C WAVELENGTHS SPECIFYING THE SPECTRAL CALIBRATION
C DO NOT BOUND THE DESIRED SCAN RANGE.

271 WRITE(65703)
GO 10 5

C UPPER SCAN LIMIT WAS INPUT LESS THAN OR EQUAL TO THE LOWER LIMIT,.

272 WRITE(6+705)
GO 1O 5

C FORMATS FOR READ STATEMENTS.

500 FORMAT(I1594Xs1154Xs3E10051Xs15)
501 FORMAT{(3E£1040!}

502 FORMAT(6E1040)

503 FORMAT(2E10.0}

504 FORMAT(2E13.7)

505 FORMAT(1A4)

C  FORMATS FOR WRITE STATEMENTS.

600 FORMAT(/7//

1 34X»63HDETECTOR OUTPUT SIGNAL GIVEN BY A SPECIFIED INSTRUME
2NT RESPONSE///}

601 FORMAT(49Xs 2THFIXED WAVELENGTH RADIOMETER»2X»13//)

602 FORMAT (42Xs 37HSPECTROGRAPH OR SCANNING SPECTROMEYER»2X»13//
118X»20HSPECTRAL RANGE FROM sFBe2s4H TO #F842923H ANGSTROMS COMPUTE
2D AT 9sF643919H ANGSTROM INTERVALS//)

603 FORMAT (42X »42HSLIT FUNCTION SPECIFIED BY LINEAR SEGMENTS//

1 50X LOHWAVELENGTH» 11X 9 4HSLIT/
50Xs 9HANGSTROMS +12Xs8HFUNCTION//}

604 FORMAT(51Xs0PF9434510Xs1PE11e4)

605 FORMAT(//35Xs9HCENTER OF s9X»11HLOCATION OF21Xs 8HCOMPUTED/
135X 13HSLIT FUNCTION»S5Xs11HSLIT CENTER»5Xs 11HCALIBRATIONs5X
210HSLIT WIDTH/
335Xy 9HANGSTROMS »9X s FHANGS TROMS s 7X s 6HFACTOR 10X » SHANGSTROMS 7/
435X9F9e399XsF94346X91PELYebs4XsPELLG4//)

606 FORMAT(//50Xs 9HCENTER OF»12Xs 8HCOMPUTED/

1 50Xs13HSLIT FUNCTIONs8Xs 10HSLIT WIDTH/
2 50Xs 9HANGSTROMS 12X FHANGSTROMS/ /)

607 FORMAT(41Xs45HSLIT FUNCTION SPECIFIED BY A GAUSSIAN PROFILE//)

608 FORMAT(31Xs18HWAVELENGTH AT PEAKs8Xs 4HPEAK»14Xs18HWIDTH AT HALF-P
1EAK/31X922HSENSITIVITYs ANGSTROMS»4Xs11HSENSITIVITYs7Xs
222HSENSITIVITY, ANGSTROMS//
339XsF9e3311Xs1PE1labts12Xs1PELLat//)

609 FORMAT (50X 13HPEAK VALUE OFs5Xs14HWIDTH AT HALF-/

1 50X»13HSLIT FUNCTION»SXs 15HPEAKs ANGSTROMS//
2 52X95H1000911Xs1PE1144)

610 FORMAT(//16X396HSPECTRAL CALIBRATION OF INSTRUMENT THAT MULTIPLIES
1 SLIT FUNCTION TO YIELD INSTRUMENT SENSITIVITY//
250X s 1OHWAVELENGTHs 11X s 11HCAL IBRATION/
350Xs 9HANGSTROMSs 12Xs BHFUNCTION//)

612 FORMAT(///

1 51X»11HLOCATION OF 46X 1 7THINSTRUMENT OUTPUT/
2 51Xs11HSLIT CENTER»6Xy18H(W/CM2-MICRON-SR) ¥,/
3 51Xs 9HANGSTROMS+8Xs 1L9H({SENSITIVITY UNITS) //}

613 FORMAT(51Xs0PF943410Xs1PEL12e4s5A1)

615 FORMAT (33Xs19HRADIOMETER OUTPUT s1PE11e4s5A1937H(W/CM2-MICRON-SR)
1*(SENSITIVITY UNITSY///)

616 FORMAT(/ /30X 66H
1
2/

C FORMATS FOR ERROR STATEMENTS.

700 FORMAT(/26Xs83HDETECTOR OMITTED BECAUSE PART OR ALL OF SENSITIVITY
1 LIES OUTSIDE COMPUTED SPECTRUM«//)

701 FORMAT(/26Xs67THDETECTOR OMITTED BECAUSE WAVELENGTHS DO NOT INCREAS
1E MONOTONICALLY.//)

702 FORMAT(//5X110HINPUT DATA FOR LAMS1 OR LAMS2 WOULD HAVE ALLOWED P
1ART OR ALL OF THE INSTRUMENT SENSITIVITY TO LIE OUTSIDE THE,/
24Xs 96H COMPUTED SPECTRUM. THE END POINTS WERE APPROPRIATELY ADJUS
3TED SO THAT NOW THE SCANNING RANGE 1Ss/
44Xs SH FROMsFBe2s4H TO sFBe2s 16H ANGSTROMS WITH s F6e3s
516H ANGSTROM STEPS.///)

703 FORMAT(10Xs101HDETECTOR OMITTED BECAUSE WAVELENGTHS SPECIFYING SPE
1CTRAL CALIBRATION DO NOT BOUND DESIRED SCAN RANGE.//)

704 FORMAT(//8Xs103HDETECTOR OMITTED BECAUSE SPECIFIED CENTER OF SLIT
1FUNCTION LIES OUTSIDE OF THE SPECIFIED SLIT FUNCTIONe//}

708 FORMAT(// 17X»85HDETECTOR OMITTED BECAUSE UPPER SCAN LIMIT WAS INP
1UuT LESS THAN OR EQUAL TO LOWER LIMIT//)

END
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SUBROUTINE GROWTH
SUBROUTINE GROWTH COMPUTES THE CURVE OF GROWTH.

COMMON/CPLOT/LAMMIN s LAMMAX sDELLAM»NARRAY s CINT3,FACTRI(5)
COMMON/CARRAY/ TLAM{ 9000} sELAM( 9000}

COMMON/CREAD/READY sREAD2sREAD3sREAD4 READSsREADS

COMMON/CBANDL /ALPHAU»BEU sBETAU s CAPAUs CAPLUsDEUsDZEROUsREUS TERMU's
1 ALPHAL s BEL »BETAL » CAPAL yCAPLL »DEL s DZEROLSREL» TERML
COMMON/CBAND2 /WEUsWEXEUSWEYEUSWEZEUsBVUsDVUsDEGENUsMUs ALTNAT »

1 WELsWEXELsWEYELsWEZEL »BVLsDVL NUSPIN
COMMON/CTEMP/TELECT s TVIBsTROT

COMMON/CWIDTH/WIDTHL s WIDTHV s RANGE
COMMON/CTRAN/PARTCC y NUBARO »Q» AOE s CINT1 9 CINT2sKMINsKMAX
COMMON/CEXTRA/INDEXsNFILEsSYSTEM, TOTAL »OUTPUT(12)

REAL LAM1sLAM2sLAMMAX sLAMMIN,ILAM, ILAM1,LAMBDA,LAMDAL, LAMDAZ
1 LAMDA3
DIMENSION DEPTH1(25)sGROW{25)

LAM1= READ1
LAM2= READ2

PRINT HEADING FOR CURVE-OF-GROWTH CALCULATION.
WRITE(69600) LAM1,LAM2

IF THE UPPER WAVELENGTH LIMIT WAS INPUT FIRST, WRITE AN ERROR
MESSAGE AND OMIT THIS CURVE OF GROWTHe.

IF (LAM2 «LE. LAM1) GO TO 70

IF WAVELENGTH LIMITS ARE OUTSIDE SPECTRAL RANGE CONSIDEREDs SET
INTEGRATION LIMITS TO APPROPRIATE END WAVELENGTH.

IF (LAM1 oLTe LAMMIN) LAM1=LAMMIN
IF (LAM2 «GTe LAMMAX) LAM2=LAMMAX

FIND INDICES IN INTENSITY ARRAY TO BE INCLUDED IN INTEGRATION.

NSTART= 10 +(LAM1=LAMMIN)/DELLAM
NEND= 1¢0 +(LAM2-LAMMIN)/DELLAM

DEFINE SPECIAL WAVELENGTHS NEEDED IN THE INTEGRATION.

COUNT= NSTART

LAMDAl= LAMMIN+ (COUNT-1e0)*DELLAM
LAMDA2= LAMDAl+ DELLAM

COUNT= NEND

LAMDA3= LAMMIN+ (COUNT~1.0)*DELLAM

INITIALIZE DEPTH AND START CURVE-OF-GROWTH CALCULATION.
DEPTH= 34162278E-7

M2=NEND
IF(NEND «NEe NARRAY) M2=NEND+1
DO 60 M1=1,25
TOTALI= 0.0
DEPTH= DEPTH*3.162278
DO 10 M=NSTART,M2
IF (ELAM(M) oLE. 1.0E-36) GO TO 10
COUNT=M
LAMBDA=(LAMMIN +(COUNT=1.0)*DELLAM)*1,0€E-8
BLAM=141904E~16%EXP (~1+43879/(LAMBDA*TELECT )}/ (LAMBDAX*5%

1 (140~EXP(~1+43879/(LAMBDA*TELECT))))
CILAM] =ALOG(8.40032E+15%LAMBDA%*%5%(1+0~EXP(-1+43879/
1 (LAMBDA*TELECT))))

CILAM2=ALOG{DEPTH)

CILAM3=ALOG(ELAM{M))

CILAM4 =1443879/(LAMBDA*TELECT)-2430259%CINT3+CILAMI+CILAM2
1 +CI1LAM3

IF (CILAM4 «GTe 87.0) CILAM4=8740

CILAM&=EXP (CILAMG}

ILAM(M)=BLAM*(1.0~EXP(-CILAM4))

CONT INUE

TEST INTERVAL LIMITSe
IF (NSTART +LTs NEND)} GO TO 20

THE INTERVAL IS BOUNDED BY CONSECUTIVE ENTRIES IN THE LAMBDA ARRAY.
SLOPE=( ILAM(NSTART+1)~ILAM{NSTART)) /DELLAM
TOTALI=({SLOPE* (LAM1-LAMDA1)+ILAM(NSTART})+(SLOPE*(LAM2~

1 LAMDA1) +ILAM(NSTART ) ) ) ¥ (L AM2-LAM1)/2.0E+4

GO TO 50

1S THERE A RIGHT-HAND INCREMENT.
IF (NEND+EQ.NARRAY) GO TO 30

COMPUTE INTEGRATED INTENSITY FROM RIGHT-HAND INCREMENTAL AREA.

o3
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ILAM1=( ILAM{NEND+1)~TLAM{NEND) }* {LAM2~LAMDA3)/
' DELLAM+ILAM(NEND)
TOTALI=(ILAMI+ILAM(NEND) }* (LAM2-LAMDA3)/2.0E+4

-

C COMPUTE INTEGRATED INTENSITY FROM LEFT-HAND INCREMENTAL AREAe
30 TLAM1=(TLAM(NSTART) ~ILAM(NSTART+1) )% (LAMDA2-LAML )/
DELLAM+ILAM{NSTART+1)

TOTALI=TOTALTI+(ILAM1+ILAMINSTART+1))*(LAMDA2-LAM1)/2+0E+4

C DO INTERVAL LIMITS BOUND A SINGLE ENTRY IN THE LAMBDA ARRAY.
IF (NEND +EQ. NSTART+1) GO TO 50

C COMPUTE INTEGRATED INTENSITY FROM CENTRAL INCREMENTAL AREAS.
NSTART=NSTART+2
DO 40 M=NSTARTsNEND

40 TOTALI=TOTALI+( ILAM(M)+ILAM(M=1))*DELLAM/240E+4

C  RESET NSTART FOR NEXT STEP OF DO LOOP ENDING AT STATEMENT 60.
NSTART=NSTART=2

50 DEPTH1(M1l)= DEPTH
60 GROW{M1)= TOTALI

C WRITE CURVE-OF-GROWTH DATA.

WRITE(65601) (DEPTH1(M)9sGROW(M)s M=1,25)
RETURN

C THERE IS AN ERROR IN THE LIMITS FOR THE INTEGRATION INTERVAL.

70 WRITE(6+700) LAM1sLAM2
RETURN

C FORMATS FOR WRITE STATEMENTS.

600 FORMAT(//

34X933HCURVE OF GROWTH CALCULATION FROM sF8.2s4H TO sF842,
10H ANGSTROMS//

70X 1OHINTEGRATED/

52Xs 9HGEOMETRIC»9Xs SHINTENSITY/

52X +s9HDEPTHs CMy9IX s 12HWATTS/CM2-5R/ /)

601 FORMAT(52Xs1PEG43510X»E%3)

WS W

C FORMAT FOR ERROR STATEMENT.

700 FORMAT(//10Xs16HTHE LOWER LIMIT ,1PEl1l44,33H IS GREATER THAN THE U
1PPER LIMIT sElle4s36H THUS INTEGRATION WAS NOT PERFORMED.

END

B T R T T R R SRRt e AR AL RS
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MAIN PROGRAM

START

;180

DO 190 M = 1, NARRAY
COUNT = M
190 15(M) = Amin + (COUNT-1.0} - AX

TRUE
NEWCAS

" 10

READ SEARCH

INITIALIZE -
TOTAL, SYSTEM, DEPTH
CINT3, FACTRH(M),
NEWCASE = . FALSE.

\ READ AND WRITE TITLEWW) [

¥

\ READ Amin. Amax. AA /

>8999
899

Ax = Mmax_~ Amin

9

<8999

Amax ~ Amin I
NARRAY = ‘1'1 T & iTruncated

]

ARRAYN = NARRAY
Amax = Amin + (ARRAYN-1.0) - AX

FALSE

\ WRITE Mmin, Amax. AA /

4 ®

\READ READI, READZ,..., READ6/

WRITE SYSTEM,
FACTRI
\ WRITE TOTAL, FACTRI /

SYSTEM = 0.0

TOTAL = 0.0

DO 170 M = 1, NARRAY
170 Ex(M) = 15(M)

100

( CALL
ONE

3
( CALL
S2PI2

]

|

DEPTH = 0.0

DO 117 M = 1, NARRAY
W (M = 0.0

WRITE DEPTH

DO 130 M = 1, NARRAY
52.30259 - CINT
-[EAW -+ DEPTH

130 1x(M) =By, - [By, - Iy(Mile

3]

—

INITIALIZE -

CINT3, FACTRI,
EX (M)

A\ 4

o7



SUBROUTINE {LAMDA

START

INITIALIZE —
E)\(l) = )\min, E)\(Z) = Amax
E\5001) = 0.0, Ex5002) = 0.0
NLAM = -1, NILAM = 4999
NOILAM = 0

% 10
\ READ READ1 T0 READS /

NOILAM = 1
NLAM = NLAM + 2, NILAM = NILAM + 2
Ej, (NLAM) = READ1, E 5 (NILAM) = READ2

Ep (NLAM + 1) = READ3, E) (NILAM + 1) = READ4

READ6

NON-BLANK § 20

NLAM = NLAM + 1

NLAM = NLAM-1
v

Y WRITE HEADINGS /

DO 30 M =1, NLAM
30 WRITE Ex(M), EXXM + 5000)

1 @

\ WRITE ERROR MESSAGE ]

NEWCASE = . TRUE.

RETURN

______________ _I
|
Mnin + (M-1ax- E(MD 1[ ] |
- . | Ex{M1 + 5001) - EA(M1 + 5000)
—b{ [\(M) = Ex(M1+5000) + EL + 1T~ BT AML+ 5001) - EXML + |
|
|
M1=M1+1 |
Z ExML+ 1) =
\ o _I

DO 70 M = 1, NARRAY
70 ExM) = 0.0

RETURN




SUBROUTINE SET Up

START

REWIND 9, PARTCC = READ1
TELECT = READZ, TVIB = READ3
TROT = READ4, INDEX = READS + 0.1

$0

SYSTEM

WRITE SYSTEM, FACTRI

TOTAL =TOTAL + SYSTEM

SYSTEM = 0.0

-0 INDEX £0

X

READ SPECTROSCOPIC
CONSTANTS FROM CARDS

LEVELS = READ1 + 0.1

READ MORE SPECTROSCOPIC
CONSTANTS FROM CARDS

READ FROM TAPE
NAME, INDEX, NFILE

SKIP TO NEXT FILE
CALL SKIP

READ PAST FRANCK-
CONDON FACTORS

¥ 50
ALPHAU = ALPHA(1)
ALPHAL = ALPHA(2)

READ SPECTROSCOPIC
CONSTANTS FROM TAPE

LEVELS =READ1+0.1

READ MORE SPECTROSCOPIC
CONSTANTS FROM TAPE

WEZEU « WEZE(1)
WEZEL = WEZE(2)

B DO7OM-1, LEVELS |

Qv + AQV

le— QR - QVR ...

I RATIO = NUSPIN/INUSPIN + 1.0} I EVIBL = EVIB2

! |

| 70
WRITE DUMMY1, RATIO | Q-Q+... 4
e ]
110 T
\  WRITE INPUT DATA /

DO 100 M = 1, LEVELS _‘

< TERML

WRITE ERROR MESSAGE

DUMMY (1) = BLANK
¢—® 90 DUMMY (2} = BLANK

140 I MDUMMY = DEGEN(M)

I NEWCAS - ATRUE.J 1 100
l WRITE INPUT DATA FOR LEVEL,

WRITE HEADING
FOR VIB. BANDS

DUMMY (1} = UPPER
DUMMY (2} = STATE

DUMMY (1) = LOWER
DUMMY (2) = STATE
|




PINID = €INID
002

(SINI9-6620¢ ‘23~ W3 = (W)a | 06T
AvSSYN T = w Tost00

€INLD - PANIO = SINID|

:Eyﬁo:xhu«p: =W 03l

W - -
:E.SE 4L0vdl = 310
(T+W)1INdLNO = (TWHELOVY

§7 = W 08100

.zx:_.um

0°1 = AAIIXS

0001/410V41 = W
(2THLNdLND = (11¥LOVS

€INID >

Y141 = PINID

170+ 39NVY = IONVAT
10+ A=20W
T0+NA =W

012

TINID -98629°0 = ¥10W3l

O¥YBNN[G0T = NIOT40

= XYW

07
0°€ = 39NVY é
o

é

0°6 = IONVY

T'0+ ZXv = )
"02 + ZXVIN = TXYWY
XYW = TXYWY

2an-=1n
=13

NINL3Y
0°1= AAINS

39VYSSIW BOUYI ALIAM

A8 4
¥IMOT = AWWNA Av
TAS =

T= 9V N = 2XVWN
05=% ‘0°0 = IXyw
UND30 = TN "9IA3 = 13
:EEE 9891 - €0

11n%3d >

¥3ddN = AwWwnad
10+ M=-2W
10+ NA=TW

=11
23=13
EXYWN = ZXYW

N0 <
0L
A = A8 TAS = A8
NAG = AQ TAG = AD
0 N3y = MO 3y - N0
= 1d =10
S 8iAl U= dIA
C = 3ind3g R [0}

XYW = TXVWN
XYW = X

J9VYSSIW JOYYI ALIIM

AHLOIM = OHLOIM
XV -+ 01= AHIGIM

A NA INEINOYENS

T°0 + ZXVDE = EXV

05T Toos<
ZXYWH
08>

(ZNIAAD = ONVYA

34V WOd4 S¥0LOV3
NOGNOO-MONYYS QVIY

TT+1A=2N
T1+nA=WN

N3NL3Y
0T = AADIS

TN X3ANI INVN 1SVd Emm%

\\Nw«\mmmi ROEREEIN] g

63dVL NOILISOd

Lol 13730 = 373M "T3AIM = IAIM

SINVISNOD aNVE QV3Y¥

M T=W0Z0a M

T+0V1d = 9v1d
0°0 = TA3

TT+ A - AW

IKIM = IXIM 1IN <IN

o

0=9v14 TT + DA = AW
N3Z3t = 3Z3M 'NIAIM = JAIM
NIXIM = IXIM 'NIM < M

POYRY = XYW '£0V3Y = NIWN
20Y34 * A 10V

14 ‘2 '30V ‘AAINS
= 3ZIVILINI

JRAT

¥3ddn = Awwna
T0+7A = 2W
T0+NA=W

60



SUBROUTINE ZERO
START

NSPRED = 1.1 + RANGE-WIDTHV/AX I

'
CSPRDZ = . ..
CSPRD3 = . . .
CSPRDL = . ..
CSPRD2 = . ..

3
CAPAU/BVU
CAPAL/BVL
2.0

YU
YL
DIVISR

won o

VWRITE P BRANCH DATA  /

3 DIVISR - 1.0
BAND - BRANCH
SYSTEM = SYSTEM + BRANCH
¥
CSTR - 0.0 S Tk

KU = KMIN -

o kU0 KL - KU +1.0
_l : BAND - 0.0

1
170

\ wRite R BrANCH DATA [

BAND = BAND + BRANCH
SYSTEM = SYSTEM + BRANCH
QR=. ..
APPROX = . . .

l

\ WRITE BAND, APPROX. /

RETURN

20

Mg = 108/NUBAR

< Amin - RANGE-WIDTHV

> Amin - RANGE* WIDTHV
> Amax + RANGE- WIDTHV

I < Amax + RANGE: WIDTHV

S = KU + CSTR
FACTOR = 1.0

__________________ | KEXP
[_ FACTOR

NCENTR = . . . P 1 ¥
NSTART = . . . R

NSTART

DO 40 M1 = NSTART, NEND

COUNT = M1
X = Amin + {COUNT -1.0}-AX I—»{ BRANCH = BRANCH + E ]
EXMI) = . .. |

NEND = NARRAY permmeerroerd. | |




SUBROUTINE ONE

START

rNSPRED = 1.1 + RANGE 'WIDTHV/A)\J

10

BRANCH = 0.0

v e ——————— e
CSPRDZ - . .. DO 90 M = KMIN, KMAX
CSPRD3 - . . .
NUBAR - . . .
CSPRDI - . . . N
CSPRD2 - . . . ¢ = 10°%NUBAR
SIGN = 1.0

< CAPLL
@ SIGN = -1.0
> CAPLL b
SWITCH = 1
KU = KMIN
KL = KU + 1.0
BAND = 0.0

o

\ WRITE P BRANCH DATA

3

SWITCH = 2
KU = KMIN

|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
|
|
I
!
|
|
l
|
|
|
KL = KU %
I
|
|
[
f
|
|
|
|
|
[
|
|
|
|
I
|
|
[
|
|
|
|
I
|
|

KEXP = . ..
FACTOR = . ..

NCENTR
NSTART

®
P

\ WRITE Q BRANCH DATA /

—|

SWITCH = 3 > NARRAY
KU = KMIN
KL - KU -L.0 @ NEND = NARRAY
< NARRAY

®

{_— DO 70 M1~ NSTART, NEND |
| [counT - 1 |
| A = Amin + (COUNT -1,0)-A) }
E\MD = . . .
120 Lm A _}
Y WRITE R BRANCH DATA / —————— —————
1 [ BRANCH - BRANCH + E
QR = 0 |=7 Y
APPROX -

‘ WRITE BAND, APPROX J

RETURN BAND

SYSTEM

BAND + BRANCH
SYSTEM + BRANCH
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START

SYSTEM

Y WRITE SYSTEM, FACTRI J

| TOTAL = TOTAL + SYSTEMJ

10
SYSTEM = 0.0

READ1

READ2

READ3

READ6
20

KWRITE READ6, ATOMCC, TELECT, Q /

= ®

i READ ATOMIC LINE DATA, READ6 /

ATOMCC
TELECT
Q

NAME

woononon

READG BLANK

NON-BLANK

M

YWR!TE NAME, SYSTEM, FACTRI/

SYSTEM
NAME =

"

=]
D O
=N

A

m

READ1 = WIDTHG
READ2 = WIDTHL
READ3 = DEGENU
READA = TERMU

READ5 = EINSTN

-~
o

0
g

w0

ATOMCC = WIDTHG
TELECT = WIDTHL

6l

wow o

Q = DEGENU

|
50 &
r

CINT1 = TERMU/TELECT
IFACTR = 0.62486 - CINT1

<30

SUBROUTINE ATOMIC

70 | ELAM(M) = ELAM(M) - EXP(2.30259 - CINT5)

[ CINTS = CINT4 - mmﬂ
D070y M= 1, NARRAY

!

SYSTEM = . . .
TOTAL =...

80 |e

CINT3 = CINT4

90

< Amin - RANGE - WIDTHV

RANGE = 5.0

WIDTHL

#0
95 4

WIDTHV = . . .

RANGE = 3.0

WIDTHV

=0
WIDTHV = 10-AX
WIDTHG = WIDTHV

K WRITE ERROR MESSAGE /

” A

T
[EPRED - 1.1 + RANGE 'WIDTHV/AH

!

CSPRD2 = . ..
CSPRD3 = . . .
CSPRDL = . . .
CSPRD2 = . ..

IFACTR

CINT4 = IFACTR

I \

120

iWRITE ERROR MESSAGE i

<CINT3

>CINT3

FACTRI(1) = OUTPUT(12)
M = [FACTR/1000

DO 60 N# <25
FACTRI(MD) = OUTPUT(M + 1)
IFACTR = IFACTR - M+10°™M
M - irAcTR/104 M

%__
|

S

| 6
|

[ 700 110 i1 - NSTART, NEND_ 1
| COUNT = M1

i A = Amin +(COUNT-1.0}-AM
(10| Epmb-. ..

T

SYSTEM = SYSTEM + E
TOTAL = TOTAL + E

IDEGEN = DEGENU + 0.1
IRANGE = RANGE + 0.1

{
T WRITE LINE DATA J
3

|
|
il

> Mmax + RANGE - WIDTHV

Ag
> Amin - RANGE - WIDTHV

A
< Amax + RANGE - WIDTHV

NCENTR = 1.5 + (A ¢~ Amin)/A\
NSTART = NCENTR - NSPRED

< NARRAY




SUBROUTINE PRINT

START

WRITE HEADING

NEWCAS

READ KIND

A 4

\ WRITE HEADING /

| DO 10 M- 1, NARRAY 1|
| B >0 }
|

= ExMI=15%8 I
= 10 =

EXM) = LOGy (Ex(M))- CINT3

| 10 I
L |

NWRITE = NARRAY/4
NL = NWRITE + 1

N2 = 2:NWRITE + 1
N3 = 3-NWRITE + 1

I

DO 20 M = 1, NWRITE

\ WRITE SPECTRUM j

|

| |
: 1 ]
I |
l |
l |

NI +1
N2=N2+1
20 N3=N3+1

non

= NARRAY

RETURN

N1 = 4-NWRITE + 1
NWRITE = NARRAY - 4-NWRITE

\ WRITE SPECTRUM /

[ "Do30M-1, NWRITE jl
|
|
|
|

|
|
I
|
e

RETURN

RETURN

>

50 4
V WRITE HEADING J

NWRITE = NARRAY/4
N1=NWRITE +1

N2 = 2:NWRITE + 1
N3 = 3-NWRITE + 1

I S

M DO 60 M =1, NWRITE

|

|
| Y WRITE SPECTRUM / }
s
N1 =NL+1 |
| N2 = N2 + 1 |
| 60] N3=N3+1 |
L 1

N1 = 4-NWRITE + 1
NWRITE = NARRAY - 4-NWRITE

I S

DO70 M = 1, NWRITE

RETURN

65



66

SUBROUTINE INTRVL

START

LAMZ = )\max

<Mmax

A

NSTART = 1.0 + (LAML - Apin¥/AA
NEND = 1.0 + (LAM2 - Amin//AA

SLOPE -

TOTALI =
-NARRAY

£NARRAY

ELAMI -

TOTALI = TOTALI + .

30 ¢
ELAML -

TOTALI = TOTALI 4.

- NSTART + 1
#NSTART + 1

[ NSTART - NSTART + 2 |
DO 40 ], M = NSTART, NEND

40| TOTALY = TOTALI + . . . ]
50 &
\ WRITE INTEGRATION DATA /

”

370
\  WRITE ERROR MESSAGE /

60
[ NINTRV = NINTRV - IJ

RETURN
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SUBROUTINE GROWTH

LAML = READL
LAM2 = READ2

+
WRITE HEADING

< AML
(AMZ

SAMLY oy

170

in
LAMI LAML = Mpin I

\ WRITE ERROR MESSAGE

2 Min

2 hmax
LAM2 LAMZ2 = Amax

SAmax

y
NSTART = 1.0 +(LAM1 - }\ITI’ )] AN
NEND =10 +(LAM2 - )\min);’A)\

COUNT = NSTART

I

LAMDAI = Apipy + (COUNT - 1.0}-AN
LAMDAZ = LAMDAL + AX

COUNT = NEND

[ AwoA < i + (COUNT - 1.0

i

DEPTH = 3.162278 x 107
M2 = NEND

.I M2 = NEND + 1

L D0 60 ML= 1, 25 _||
| TOTALI = 0.0 [
| DEPTH = DEPTH-3.162278 i
' |
I r ] |
| | |
| i | |
| | .
} | ] [Ex( e 3(]))259~CINT3J I l
| | [w - Byj1.0-6 7By - DEPTH l I
| R o
| I CONTINUE | |
| . _ {
I ILAML = . . . 30| ILAMI - SLOPE = . . . |
| TOTALL = TOTALI + . . .| % | TOTALI - TOTALI= . . . |
| |
| = NSTART + 1 |
| NEND o |
[#NSTART + 1 " DO 40 M = NSTART, NEND T Y |
R R - DEPTH1(M1) = DEPTH |

I INSTART - NSTART + ZHTOTALI - TOTALI + . . H NSTART = NSTART - 2 J 60 CROWGHD) = TOTALI |
A

WRITE GROWTH DATA

RETURN

RETURN
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APPENDIX D

LISTING OF SPECTROSCOPIC CONSTANTS AND FRANCK-CONDON FACTORS

FOR MOLECULAR BAND SYSTEMS ON MAGNETIC TAPE

In the listing of the Franck-Condon factors, values of 0.0 are printed as
a row of stars (¥).
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INBEX NO. NUMBER
SPECIFYING SPECIFYING
DIATOMIC SUBROUTINE DATA LCCATION
TRANSITION USEC IAN CALC. CN TAPE
CN Vv 1 1

SPECTCGRAPHIC CCNSTANTS FCR A AND X STATES FRCM PCLETTC ANC RIGUTTI,
NAQVO CIMENTC 39, P51S, (1965).

8 STATE CATA FROM HERZBERG EXCEPT WE ANC WEXE WHICH WERE TAKEN FRQOM
DCUGLAS AND ROUTLY ASTRCPHYS J. SUPP.1l, P295 (1954)

RKR FRANCK-CONCCAN FACTCRS FROM SPINDLER JGSRY VCL. 5, P 165 {1965},
DISSGCIATION ENERGIES BASEC ON FERZBERG P.455 AND ADJUSTED TO B.2 EV.
THES TRANSITICN CCMPUTEC IN SUBROUTINE ZERO .

LINE NUCLEAR SPIN NUMBER OF REDUCED
ALTERNATICN FCR HOMONUCLEAR ELECTRCNIC ATOMIC
FACTOR MCLECULES LEVELS WEIGHT
.0 3 €.4643
SPIN QUANTUNM ANUMBER GF RGTATIONAL ROTATICNAL DISSCCIATION INTERNUCLEAR DISTANCE
CCUPLING RESULTANT ELECTRCNIC ANGULAR CONSTANT CONSTANT ENERGY AT EQUILIBRIUM
CCNSTANT MCMENTUM ABCUT INTERNUC. AXIS CEy 1/CHM BETA, 1/CV CEZERO, 1/CM PCSITION, CM
STATE C.00 C 0.00C0000E~38 (C.0000000€E~38 0.5950000E 05 €e1149300E-07
STATE 0.00 C 0.00C0000E-38 C.C000000E-38 0.6620000E 05 0.1171900E-07
ELECTRCNIC ELECTRCNIC
CEGENERACY TERM ENERGY WE WEXE WEYE WEZE BE ALPHA E
STATE 2 2.57518C00E 04 2.,1686140€ 03 2.C200000€ 01 (€,.0C00000E-39 0.0000000E~39 1.97010C0€ CO 2,2150000E-02
STATE 2 0.CCCOO000E=-39 2.C68745CE 03 1.3134000E 01 -5.5000000E-03 0.00000G0€-39 1.89920C0€ 00 1.70133N0E-02
4 9.245244CE 03 1,8125%50F 03 1.260860CE 01 ~-1.18C000CE-C2 0.0000000€-36 1.71510CCE CC 1.7075700E~02
FRANCK-CCNCON FACTCR
Vv c 1 2 3 4 5 6 7 8 9
$.1790E~C1 7.6000E-02 5.80C0E~C2 3,00C0F=04 dhigkdksk sokkdoiobiiol  skdbdorss  okkkoplkior  dokfkktmoorl Sk dorxx
8.0GC0E-C2 7.7S5CE=Cl 1,24COE=C1l 1.,43C0E~02 1.2000E-03 1.0000E~04 ddkishrhsr Sxddidfdhk  Fohrsokhss lokdexfokd
1.2000E-03 1.4170E-C1 6.7540E~Cl 1.55C0E-01 2.3GCCE~C2 2.6000€6-03 2.0000E-C4 xxsddiiokks dppdddoihis dorookics
dee3phkkpk 2,80C0E-C3 1.9050E~-C1l 5.5250F-01 1.7450E-01 3.4200€-02 4.6000€-03 5.0000E-04 1.00CNE-04 edksddskdhs
SR eaeRek  AEEFAokkERk  4,3000E-C3  2.3180E-01 5.2790E-01 1.8250€-01 4.5200£-02 7.1000E~03 1.,00C0E-03 1.0000E-04
BRpReRpkEE  ARRAREXEFE 1,0000E-C4  5,4CC0E-~03 2.6680E-01 4.8240E-01 1.7810E-01 5.5400€-02 9.7000E-03 1,7000€~-03
PR ARRRRR Rk RkkkE  xkRRkkkkk  2,00C0E~04 5.0000E~03 2,$230E-01 4.5830E-01 1.6400E-01 6.,3900€~02 1,2300E-02
RERRAARRKE ERXBFERRKE AR ARRRRK KRR IEER T,C0CCOE~C4 3.,2000E-03 3I.0950E-01 4.5540E-01 1.4250€E-C1  7.08C0E-02
BESRGRKKKE KRR AR RERAF R wkokpddkkk  Rkkpkkdkkk 1, T7CO00E~C3  G,0000E-04 3.1220E-01 4,.7500E-01 1,1460E~01
BAR Aok doRRoRAOoRE ko RR Rk RRRsdoliokdok bkl dkkokRkok Rk tRdox 3,1000E-02 1,0000€-04 2.S560E~01 S,.1840€-01
B EdcRRRRE  Addokfdoiokior  RoRRRRER RN MokRfokdok Rk gkdox X kERRKdkk  BERExKRRRk%  5,00006-03 5,00C0€-03 2.5370E-01
BRSRRRRANR ASRARRREIR  RREEERRER  okkddokdolk  akRkadokdor  doloxdkkdokk dckbiokiioks  kRkdsikokkgk 6, TCO0E-C3  2,0400E-02
A dddmdclolok  bRfobRbkolkd  ddboiilol Rkl otk kR okikdktdokd dRRSekdlorsx  kkdorrksk  3,0000E-C4  6.4000E~C3
SRR RE  oRdobklololol  RRRRRARRER  RXOKRRRREXR  dAkkER Rk SAdARARER  RRkkkkkEk  gkrksrrkk  1,0000E-04 1.4000F-03
HedpB bR bdciokdololokokd  dokrtokRokkd kiRl RtobR ks RobkkaR iRt dERErkkkkd  RRRRRIRERE ookl kkololoktokdokox
FRRERRRNR  RRdORRR Rk RRRRRRRRAR  RkRRAEkRkE  RkmRdRkaks  Akkkkdkakdk  dkkkmbokd  okRRkiokl  kokkkiokkiokk  Rokkiltkokik
FRRBRDRAHR  AokfoRRorR Rk dokkRRdokkR ikl dktddokiobd . 2RSSRtk bRRRRAkkkR KRR ERRRE  KRERBRRKIR . KRR AEREA
AR ARARE  AdciobdoRiiob dofRsRRdoRkd dolobdfoRkor kAR RKRRR X RRERRERIR  sfkkglorRd  gkdRdkkEkk  rkrkddlolkk  bkoloolookokk
SRR AASR  RbdbIcREoRR KRB RARKBRD  mkpsdkolok  dRdsorgkkd  dkddkkRkak  RRRRREkkEd  okkiobbiokk  RRRREkakE s KRxEsREaNk
AR RARRER  dokkEoRtooRR SRRtk kiR kol tdad  kkRftok o RERREkts  REkdkiokkok  RkRkRsiokRk  Bonkokdokkokk
vV 1C 11 12 13 14 15 16 17 18 19
ARG EERAORR R PR ERRERE  Rpdololdold  foRkRgokkk RiolRiiRRk dokdokklokk dokdtoRtok Rk gdokikiokkokk kkdkdoktokik  kdofolliolokk
BHEREKHARER  REAREORRER  RpRddokddd doRxfookiok  fkfdkdhsx  kkkSAkgRak  pdfktkdkkdd  Rpplkikk  dokppiookk  flolokkdork
A RARRRRE  ddRoriobk  RRdtiortkd ook kR akgd  RokERRERAR  ARpEradckdd  mobmpkkior fookkbkiokak  fokkokloRRRRK
Rk ooploloRok dopkbb Rt kool dkdktolkkokd kR RRREkSk  AREREdERE  otkpliokk  opbobrkotk ookl folor
FRpE ALk kAol g bkl dobd  Rdkd bty dkhtbdd s Rkagrkgktk SRRk kkokikokk  Rdgkddokkdk  RRkRakakad
3,0000E~C4 dddsopioiokd  dkkdiokhds  Afddiolorkk  kdobfobkgd  Addk kiR RREEEREABE  kkEfopkkkE  dpliokliobkr  kRdobdokskk
2.4CCOE~C3 4,00COE-04 1.00C0E-064 tdddtdopkdk doppiohddddk  Rokfpdxdgds  drsdddrddd  dfkdokfiordor  kkdfdssrsk dobkkskkik
1.41C0CE~-C2 3.10CCE-C3 5.,00C0E-C4 1.C0COE~Q4 H¥dkdkddddk Sxddhhddork higddhkdsd srdokikdokdokr  kdkkdiopkokk  fdkxriokkkk
1.66CCE-C2 1.4800E~C2 3.70CO0E-C3 7.00C0E-04 1.0000E-04 ddddbiokddd obkxdddihk  fokkdhkdkss  dddhdroirk  obkokkkokokk
8.1500E=02 8.28CO0E-C2 1.35CCE=-C2 4.1CCOE-03 7.0000E~04 1.0000E-04 #kgdsedsd kodokfoiobiobk AR SRafss Kk fork
5,8010E-C1 4.9500E-C2 GS.0lCOE-C2 1.11C0E-02 4.6000E-03 7.00C0E-04 1.0000E-04 #¥dkxitdorkx sdokdokiord  kfomkokdokkk
1.8570E~C1 6.4470E-C1 2,27C0E-C2 1.0240E-01 7.90C0€E-03 5.1000£-03 7.00C0€-04 2.0000E-04 F&xdkdddokdk . shdkpdhsx
4,8100E-C2 1.1210E-C1 6.9670E-Cl 4,SCC0E-C3 1,1950€-C1 4,2000E-03 £.00006-03 5.0000E-04 2,0000E-04 kkstkifiobk
2,7000E~C2 8.540CE~02 4.2900E-02 7.1270E-0! 1.00C0E-04 1.4430E-01 9S.000CE-C4 7.8COCE-03 .3,0000E-04 idkskhssx
3.,4000E-C3 4.0COCE~C4 1.2020E-C1 2.6CCOE-03 6.7620E-Ct 7.5C00£-03 1.7790E-01 2.0C00E-04 1.10C0E-02 #okkkakstrs
*3eukarks  5,5000E-03 2.20C0E-C3 1.2800€-01 1.600CE-02 5.78608-01 2.1100E-02 2.1670E-C01 4.80C0E=-03 #fdkhkrik
1.0000E-04 5.0CO0E-04 5.60CCE-C2 1,6CCO0E-02 1.23406-C1 9.1800E-02 4.3190E-C1 3.2000E-02 2.54S0E-01 kdkdddokxks
2R IRFRY HEeRkEHEEX 2,0000E~-C2  2,CCCOE-C3 4.47CCE-02 7.7CO00E-02 2.1000E-C1 2.6890E-01 2,12C0E-02 #¥ddokikrkk
*RAEEFEERD Ipddkckokiokd dpdkkaskkx 4,0CCO0E-C3 1.0000E-C4 7.S0C0E-02 2.290CE-C2 3.2240E-01 1.28C0F=01 wsickxsdikx
FeptsRidd  RRtdoliookk  dokkgdkgdiod  rkRooonk kil doktopkk Ry Roptortopir kdobtoliobk s kkdobliorioRd ook sk
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INDEX NO. NUMBER
SPECIFYING SPECIFYING
D1ATOMIC SUBRCOUTINE CATA LCCATION
TRANSITION USED IN CALC. ON TAPE
CN REC 3 2

SPECTCCRAPHIC CCNSTANTS FOR A AND X STATES FRCM PCLETTO ANC RIGUYTI,
NACVC CIMENTG 29, P 516y (1665).

8 STATE CATA FRCV HERZBERG EXCEPT WE AND WEXE WHICH WERE TAKEN FRCM
DCUGLAS ANC ROUTLY ASTROPHYS J. SUPP,1, P 295 (1984)

SPIN CCUPLING CCASTANT A TAKEN FRCM HERZBERG WHICH IS CLCSE T0
AVERAGE VALUE BY PCLETTC AND RIGUTTI'S

THIS TRANSITICN CCMPUTEC IN SUBROUTINE Si2 PI2

LINE NUCLEAR SPIN NUMB ER OF REDUCED
ALTERNATIGN FCR HOMONUCLEAR ELECTRCNIC ATCMIC
FACTOR MOLECULES LEVELS WEIGHT
0. 0.0 3 6.4643
SPIN QUANTUNM NUMBER CF RCTATIONAL ROTATICNAL DISSGCIATION INTERNUCLEAR DISTANCE
CCUPLING RESULTANT ELECTRONIC ANGULAR CONSTANT CONSTANT ENERGY AT EQUILIBRIUM
CONSTANT MCMENTUNM ABCUT INTERNUC. AXIS DEy 1/CM EETA, 1/CM DEZERO, 1/CV PCSITION, CM
STATE -52.2C 1 0.59327C0E~-C5 -C.4246000E~07 0.5740000€ CS €.1233200E-C7
STATE ¢.00 [} 0.6392000€-05 ~0.957000CE-08 0.6620000E 05 0.,1171900E-07
ELECTRCONIC ELECTRONIC
CEGENERACY TERM ENERGY WE WEXE WEYE WEZE BE ALPHA E
STATE 4 9.245344CE 03 1,8125550E 03 1,26C8600E 01 -1,1800000E~02 0.C000000E-39 1.71510C0E OC 1.70757CCE-02
STATE 2z C.CCOO000E~-3S 2.0687450E 03 1.2134000FE 01 -5.5000000E-03 0.0000000E-39 1.8992000E 00 1,70133C0E-02
2 2.67518CCE 04 2.168&14CE 03 2.0200000E 01 0.0C00000E-39 C.0000000€-3S 1.S7C10CCE 00 2.2150C0CE-02
FRANCK=-CGNDON FACTCR
v c 1 2 3 4 5 6 7 8 9
5.0015E-01 3.7105E-01 1.,1065E-C1 1.6700E-02 1.4000E-03 1.0000E-04 #*stkerass kibkahhhkx dokikbrirks Aokokikkcik
3.17856=-C1 4.60006~02 3.5275E~Cl 2.2335E-01 5,3550E-02 6.1500€-03 4.0000E=04 #¥dmkedirg frdldrhhs  goldokkiokin
1,2685E-C1 2.4085E-C1 1,16COE-CZ 2.1255E-01 2,8715E-01 1.,0265€-01 1.5900E-C2 1.2500F-03 5.0000E=05 #kkksdkskx
4,0200E-02 1.9420E~C1 9.9500E-C2 8.78C0E-C2 8,7850E-C2 2.9940E~-01 1,5665E-01 3,1300F-02 2.9500£-03 1.0000E~04
1.11006-02 9.41C0E-C2 1.8115E-01 1.6150E-02 1.4890E-01 1.5950E-02 2.6685€E-C1 2.0665€E-01 5,2850E~02 6.00006~03
2.8500E-C3 3.,6150E-C2 1.33006-C1 1.2280E-Cl 1.8000E-03 1.59C5E~01 7.5000E~04 2.0690E-01 2.45456-C1 7.98C0E-02
7.5000E-04 1.2200E-02 6.7550E-C2 1.41556-01 5,87CO0E-02 3.C4C0E~02 1.2870E-C1 2.4000E~-02 1.38656-01 2.,6755€~01
2.,0000E-C4 3.8000E-03 2.81CCE~C2 6S.5000E-02 1.2095E~-01 1.5C50E-02 6.9€00E-C2 8.0950E~02 6.3450E-02 7.77C0E-N2
§.C000E~C5 1.1000E-03 1.,0400E-02 4.8550E-02 1.0880E-01 B8.,4400€E-02 1,5000€E~04 G.7700E-02 3.6500E-02 1,0080€-01
deaReddd%x  3,5000E-04 3,6000E-C3 2.1250E-02 6.8550E-C2 1.C€€0€~01 +SES0E-C2 9.4500E-03° 1,0500€-01 8.2500£-03
2xehEktss%  1,0000E~-04 1.15006~-02 8,45C0E-C3 3.5300E-02 8.3C50E~02 9.0100E-02 1.6100E-02 3,19006~-02 9.2500€-02
2R RERERR EASBERERR 3 ,E000E-C4 3IL15COE-03 1,600CE-02 5.02C06-02 B8,8800E-02 6.5150E-02 1.65CCE-03 5,5850€E-02
ARBEHRRRE FRERRFREXER +S000E~C4 1.1000E-03 6.6500E-03 2.59C0E-02 6.31506-C2 B8.44006~-02 3.83E0E-02 2.4000€-03
dERBRREERE  BhkEkEKER  5,0000E-C5 4.CCCOE-04 2,65006E-03 1.2100E-02 3.7250E-02 7.1650E-02 7.1150E-C2 1,65C0E~02
AERRBeERhd  SkdEepdiors  kdoksdkedrx  1,5CCOE-C4 1,0000E-03 5.20006-03 1.5400E-02 4.8250E-02 «3650E-02 5.2650E-02
SRR ARRA ARk ShkEEks  krikkeEk®  5,0CC0E-05 4,0000E-C4 2.1500€-03 $,3000E-03 2.8050E-02 5.7CCCE-02 6.860CE-C2
SHHEEFERRS  RfokkdolRk ki bkkdoktokkk 1, 50C00E-C4 B8.50C0E-04 4,2000€~03 1.4800E-02 3.7050€-C2 6.17COE-02
PERRABRARE RS RRRES  SERFRAEREE  EERRRIOORKE 5,0000E-C5 3,0C00E-04 1.8500E-C3 7.3000E-03 2.14CCE~02 4,5050€-02
AREESRRERS  BRRPBloREE AR RRFRK Ak FRRIRRR  dokdkkkskx 1, 5000E~04 T.5000E~04 3.4000€-03 1,14%0E~C2 2.8T700E-02
PR eRREE  hkfoolikRdE  RRRRRRRERR ki dokdoRkk  kdoldolkkas  kdkdkkERRd ARdbkekiohd  dlopkkikk  kbkkiiokrd olgiookiogokk
vV 1¢ 11 12 132 14 1s 16 17 18 19
FEARS0RBES  ddokddokokokd  RERREkERR  kEkddaoRk  dooolkiolkg  fkkdok kil BRRrtdiokdr  kkokkRRRRk  dSgddek  dokkdolokdkokoky
FdkkaokEd  SRoRRRREREE  Bkeagkddt  BRFRfdolobadk  kkiokkdokkik  dkdokkgdgdk  kokRdkgkkdk  pokrdokiok  opolokkdkdor kkkokdok ok
FARRBRARAS  ARRIAERRES R RDRAREA R AR AkAERdEddk  fokkkkkdkdt  kRSadddkdd  dggdkditik  oRdbikkdl  sokdokkokik
ShEkeRRRd  SREEgERRRd  obddksEkd  RRbRkkioRd  Rdokkdsolokk kkkdkiokddokk  dfobdololtob gk RRRiokbRds  Rlokdolikiok  kkoordokiokk
2, 5000E-C4 Rtdssdohkdd Radbikipds  fokioblkks okl RERdifadok bRkl Rrokiiiokk okl kopklok ok
1.C7CO0E~02 €.5000E~C4 ##dikssdsas dkdmikdohk  dkkdddoridd  deddbebrds  rddpiohsd bk fpbbmkddol ook ikkk
1.10706-01 1.7650E-C2 1.2500E=~C3 okkdpdoliop  dokdolokionsd  dokpobdopob dxstfokkss sk folkfoopiole ol
2.7275E=-C1 1.43215E=C1l 2.7CCCE~C2 2.15C0E~03 1,0000E-04 okkddsddds ddsdkddkdy Skkprkiokdk  fokkdokkbn  wxkrddsksx
3,2050E-C2 2.6055E-C1 1.7620E-01 3.S1CCE-02 3.5500E-03 1,5C00E-04 ###dgiaoksd rxidopkik  dokefgdkgrk  okkdokkid s
1.2420E-C1 6.4500E-C3 2.3455E-C1 2.C€6CE~01 5.3650E-C2 5.5000E-03 2,5000E-04 wdkiockdoiiokd fobkisfoiollr  fiokbokn
.S000E-04 1.2S65E~Cl 5.50C0E~04 1.98S0E-01 2.3255€=-C1 7.1100€-02 8.2500E-C3 3.S5000E-04 #ddktddrks kkkddkkksk
6,7800E-C2 9.7500E-C3 1.,1835E~C1 6.G750E-02 1.5685E-C1 2,51$5E~01 S.0900E-C2 1.1800E-02 6.0000E-04  kkkxikskes
7.2C50E-02 3.S75CE~C2 2.SSCCE~C2 $.5150E-02 3.17C0E-02 1.1455E-01 2.6465E-01 1.1280E-01 1.6350f-02 #**kdtoxdkskx
1.4250E-02 7.6850E-02 1.£6550E-C2 5.2750E-02 6.660CE-C2 5.7550E-02 7.54506-02 2.6G25E-01 1.3SE5E-01 xxdditokkk
3,5C006-03 3.1250E-C2 6.9850E-C2 3.2C00E~03 7,1750E-02 3.8850E-02 8.2450E-02 4.3400E-02 2.6565E-01 Hkxsksdnx
3,2750E-C2 7.5CC0E-C4 4.71C0E-C2Z £.4250E-C2 9.5C00E-C4 8.2500E-02 1.700CE-C2 1.0195E-01 2,02C0E-02 ##kskdiionk
5,76CCE~02 1.5750E-02 6.7000E-03 5.7350E-02 3,56S0E-02 B8.,4000€-03 8.330CE-C2 4.2000E-03 1,1325E-01 xxdkdokkik
6e1450E~C2 4.2G00E~02 4.60C0E-C3 1.82C0E-02 65.57CCE-02 1.81506-02 2.1950E-C2 7.5C50E-C2 1.,1000E-03 kkdddddks
5.,0650E-02 5.6000E-02 2,7C50E~G2 7.5CC0E-04 3,1450E-C2 5.4150E-02 5.9500E-03 3.7150€-02 6,02C0E-02 #*xdkdxhhkk
SEARBRRRRE kR eRAdRRH  AFEERHERD  AEERREEREE  RpFRdkAks  KEgdkudkRd  kdEEkkaw  okxEriokkskd  kkkkiokkd  opkkkkdk
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SPECTCGRAPHIC CCMSTANTS FROM BALLIK AND RAMSAY ASTRCPHYS J.
EXCEPT FOR SPIN CCUPLING CONSTANTS

DIATCMI
TRANSIT
C25HWA

INDEX NC.

SPECIFYING

C SUBROUTINE
ION USED IN CALC.
N 1

RKR FRANCK-CONOCN FACTCRS FROM SPINDLER JQSRT VOL. S,
THIS TRANSITICN CCMPUTED IN SUBROUTINE ZERG.

NUMBER

SPECIFYING
DATA LOCATION

ON TAPE
3

LINE NUCLEAR SpP
ALTERNATICN FCR HCMONU
FACTOR MCLECULES
Ce. ¢.0
SPIN QUANTUM NUMBER CF
CCUPLING RESULTANT ELECTRGNIC ANGULAR
CENSTANTY MCMENTUM ABCUT IATERNUC. AXIS
STATE =-1€.9C 1
STATE =16.40 1
ELECTRCNIC ELECTRONIC
CEGENERACY TERM ENERGY WE
STATE [} 2.CC2250CE 04 1.7882200E 03
STATE 6 7.1624000E 02 1.6413500E 03
1 5.5C2460CE C4 1.,6715CCOE 03
1 4.3240230E 04 1.8295700E 03
€ 4.C756650E 04 1.1C65€6C0E 03
2 2,4261900E 04 1.8C91000E 03
3 1.,3312100€E C4 1.56160C0E 03
2 8.3910000E 03 1.6(83500€E 03
3 6.4342700€E 03 1.47045C0€ 03
1 C.CCCO000E~3G 1.85471C0E 03
Vv c 1 2 3
7.2130E-01 2.2060E~C1 4,76C0E~CZ2 8.80CCE-03
2.5C60E-C1 3.3710E~Cl 2.8030E-Cl $.9900E~02
2.72C0E-CZ 2.7420E-C1 1.3810E-Cl1 2.6210E-01
8.CCOCE~C4 €.5900E-02 4.2550E-C1 4.77C0E-02
AvReeREdRX 2,2C00E-02 1.CES0E-C1  4.4460E-01
BERBEBARKE FARAREXEEE 2,B000E-C3  1.2410E-01
sk RRkED Sk REERE  2,CCCOE~C4 1.9GO0E-03
ARpAREAEE Rk hEkdedsssx  §,0C00E-04
DREBBRAKSE  AoRRRRPREAR KA HIRRRRR kR
SRAbEskhik  dokdkddokd  dokkokkkks kR kRl
FERRFIHERR B RRRRRRR  RRRRERRRRS ARk
BRdkckbERRd  dkkddobRRRR  kRtobkdolkd  dkRk ek dRkk
gk kAR dRkdkEkkkk  RkkdddckkRd ke
FRABEIRERF AR ERERE  KRRFAERERS REEEREEAE
FRAABARR  hddokRkkdokokd  doRdobRRk AR SRk GdKKKREK
BodddokRdokdok  dokRdokiokiok  RERBRERReE Sk EdgoxkRk
AR ABER AN AobkRdoRdokkE kR AARKKED  BRRG KRR kE
$5epaRkERS  BERRkkkk  kkRARkERNE AR RERERE
BHAFHFKIRS ARRRORRRS RkRkkERkkk  dkkb kiR
BEABERBARE  AkRRERkRD  kkdkdokdordd ok dkkkkk
Vv 1C 11 12 13
L T e P R A R T2 T3 TY
BhEdRkkEER  dokfdRkkk  doRddkiokid kR XERKKE
BRREBBFEE Aokddkkddkd  kphkdkdkdd  wAkEEdkEELR
2.CC0CE-C4 #dfdidoiork  #ofokbhtdgdn  SEspdksssy
24COCCE-C3 4.0CCCE-C4 1.00CCOE-C4 #kaddddidk
1.CROCE-02 2.90CCE-C3 6.0000E-C4 1.0CCOF-04
3.75C0E~C2 1.26CCE-C2 3.50C0E-C2 8.0CCO0E-04
8.,16CCE-02 3.85CO0E-C2 1.35CCE-C2 2.SCCOE-03
1.2540E-01 7.27C0E-C2 3,7SCO0E-C2 1.32C0€E-02
1.E4C0E-CZ2 1.34€0E-C1 5.S5C0E-C2 3.55CCE-C2
BRdERdokd  obRdbkgRdkk  ddkkdokdkkd  RRkdkkkkdk
P T R e TS TR T E P TS
HEdRAAEERS  fkkERRRRkk  Adkddkkkd  AEERRERERE
L L LY
BARRRRRERE  RERARRRKER  kRRERARRREd  dkefhkbkid
BEERSRRERD  hdckdrokdokdd  kkkSRkEtdd  dkEdakkns
FEAFFIRERD Appdakakkk  wkdokdkkdkd AR RdkREk
N LT T N e e s T T 2 L ]
SeREREEERE  BRkRRRAAEd  whkdokddkkdd  AkdkaddkEk
SRR ESRER A kEEdRbkpkd  kbdddkkdkd o REKERREEEE

137,1963
WHICH WERE TAKEN FRCM HERZBERG.
P 165 (1965).

IN NUMB ER OF REBDUCED
CLEAR ELECTRCNIC ATOMIC
LEVELS WEIGHY
10 6.0019
ROTATIONAL ROTATICNAL DISSOCIATION INTERNUCLEAR DISTANCE
CONSTANT CONSTANT ENERGY AT EQUILIBRIUM
CEs 1/CM EETA, 1/CM CEZERO, 1/CM POSITION, CM
0.0CC0000E-38 (C.0000000E-38 0.29%50000E 0S5 €C.1266000E-07
0.,0000000€E-38 (0.0000000E~38 0.4890000€ 05 0.1311900€-07
WEXE WEYE WEZE 8E ALPHA E
1.6440000€ 01 ~5.067000CE-C1 0.000000CE-39 1.75270C0E 00 1.6080000E-02
1.1670000€ 01 0.,0000000E-39 0.0000000E-39 1.63246C0E 00 1.6610000E~-02
4.CC20000€ 01 2.4€CO000E-01 O0.CO000000E-39 1.79200C0E 0Q 4.,2100000E-02
1.3970000€ 01 ©.0CO00000E-39 0.0000000E-39 1.8334000E 0C 2.0400000E-02
3.52600CCE 01 2.8C50000€ 00 0,0000000E-35 1.1922000F 0C 2.42000C0€E-02
1.5810000E 01 -4.02C0000€ 00 0.0000000E-39 1.7834000E 00 1.8000000€-02
1.2850000€ 01 0.0CC0000E-39 0.,C000000€-39 1.87C00COE CO (0.,0000000E-39
1.2078000E 01 -1.0C00000E-C2 0.0000000E-39 1.61634CO0E 00 1.68800C0E-02
1.1190000€ 01 2.0C00000€-02 C.O0CO00000E-39 1.49852C0E 0C 1,6340000E-02
1+334000CE 01 -1.7200000E~C1 O0.CO00000E-39 1.8198400€ 00 1,7650000E-02
FRANCK~CGNCON FACTCR
4 H 6 7 8 9
+S0C0E=-03 2,00C0E=04 #ktdkddssx sfsddhiokkk Bkt dhkds somfkdokionk
2.5400E-02 5.4000E-03 1.0000E-03 2,0000E-04 e¥dkddkfdokkk Hokkkfgiokrs
1.3770E-C1 4.53200€E-02 1,1500E-02 2.7C00E-03 6.COC00E~04 1.C000F-04
2.1120E-01 1,5720E-01 6.,4700€E-02 2.0200E-02 5.2000€-03 1,2000E-03
1.4300E-02 1.5760E-01 1.5920E-01 7.82008-02 2.79COE~C2 8,1000E-03
4,5850E~-01 4.6000E-03 1,1370€-01 1.5250E~-01 8.3700€E~02 3.4000€-02
1.492CE-01 4.8310E-01 4,2000E-C3 8,0400E-02 1.4060€-01 8,5800F-02
1.C000E~04 1.4130E-01 5.1920E-01 1.0300E-02 5.68C0E-02 1.3220€-01)
2,10C0E~C3 1.,7C00E-C3 1.1030E~01 5.6C20E-01 3,06C0E-02 3.67C0E-C2
*ekhrkekkx  3,2000E-03 1,2100€-02 5.85006-02 5.8150E~-C1 7.96C0F-02
BREAFRRARE  kdkkRkdkkR AR ARRESS  kkfdkdiokkdk  KkkREkRkkE  dokkkddRkkk
skRdkkRR  sRtokbkiok  ddokRkdkkkr  Rfokkiokkdokk  kdkokkkksd  dkkrkkdiok
RRRRRERARE RRREEESRAR  ARRloRRKRR  RRFRRRKEERE  kRkdkkokdkokk okl
BrdERRRRRE  RRAoKRR R AR RARREEEARE  AkkE Rk Rfokdkakdokobd  RkkokkiokRk
MRS RO Bk RRRE  BkdbRokkkok ookt RSBk ok ook
ohockkdok gk Rk Rk kA ookdokkakd  RRoRRoRERRk  RAkRdkRRRk kR RkkEkk
ERARERERRR AR Rk AR R % ook Rk Rk okl kKK
MR B Rk dkkkk Rk ARk RRkRRE bR oRkEk koo dolok okl ik
RS RARAOKE  RRRRokkRERE  RERkRkoRkRd  RdkkkREEkkR  sEkkARkkEE  ddRkkRkRlkk
P Ty T T T T L N P T ST T P P S P I
14 1 16 17 18 10
HEREAFFRSED  FABEARFAAE eRAIES A kkokkkkkkkk  ReRkRkiokd  ddkkakeREk
FRRRRREREE  ARdbRRadk  kRdkkRkkir  dddokkiokdook  ddokdokkdoiok dkdkkdokkdk
FEESREARAE  BRHRRESRRE SRR RRkEE  RRRKEKRARK  RRERARKEES  mRakdokkrdd
BRkRpkRdRk  dkkkkERkRk  SRkkRREkEs  okkksdokikkk  dhktfobkkk  RdkkkErkE
FERAEREARE  KBRAAERRRK  RAFFREERER AAREASERRE kAR d kB RAkE
AriokkdkRRk  Kfobkkkdioks  RfkdRdiokkR  oktkkkkk  Rbklkikd  kkR Rk
Sokdkk AR Rk ARARRER  RbdokdkokEk  Rkddokdkok kR kkRkAkkiokE Kk kokE
SRAFEARERE  RkRdEEAREE  FEEAAARRAE  REkRdRAkdd  Rsddkkkkkkh  dokdokodkokk
dEkFEERAAE  wkdbkRARAat  RERAERRERE  Afkkdokkiokk  fdokkkfkdokl  kkRkRkEkKs
Shnkkhadkkk  ARSARRAERE  PRAdRRAESR  gdskiokkdk  dokktbkkdkd  REkEdokkkE
BT L L LT T T T T L PP
RRRRRRRRRE bR ARRE  pokkkkok ke Rkokokkdokk KRRk dkRk Rk Rk Rk
FERBRERRRE FRRRRERERE  ARAFRRRRAE  AekRhkkkkk  Rfkkkdadkd  Ridkokkdokkk
By s T T e s T L e e L e L el 2
B L L L e E L e *  xxs ok wkkbdokkkkE kAR RERKE
BEREARARRE  REERGRIRRE AR ARERE  Akkraskik  Shkkiokbik dokiofolkkgkk
kR kRERER  RRERTRRERR  #ESRARA R kkktdkkiok  kdkhtkkdsd  okkddokkdokd
REEbbRARkBE  RRERRARRRE  RRRARORERSE  REktkfkExk  Adkkkkikkk  RokkkERkkd
ARARERRRAE  ARRRREBRSE  ARFARRRkk  okkkdokkEkk  kdtdbdkrdol  RkdloRkdork
AkERRREEAE  ARkkkERkdd  AdkdrEandd  kkdkkkidok  fddddoktddok  dofoloksokdokkk



UPPER
LCWER

UPPER
LCOWER

VEe~NOVMPBWNMOC

VO~ WMPWNOC

INDEX NO. NUMBER
SPECIFYING SPECIFYING
DIATOMIC SUBROUTINE DATA LCCATION
TRANSITION USEC IN CALC. CN TAPE
aH3060 3 4
SPECTCGRAPHIC CGNSTANTS FRCOM HERZBERG.
MORSE FRANCK-CCNCCN FACTORS ASTROPHYS 4. P 55 (1955}
THES TRANSITICN CCMPUTED IN SUBROUTINE S2 PIZ2,
LINE NUCLEAR SPIN AUMBER OF REDUCED
ALTERNATION FCR HCOMONUCLEAR ELECTRGONIC ATOMIC
FACTOR MCLECULES LEVELS WEIGHT
C. 0.0 2 0.9484
SPIN QUANTUM AUMBER CF ROTATIONAL ROTATIONAL DISSOCIATION INTERNUCLEAR DISTANCE
CCUPLING RESULTANT ELECTRGNIC ANGULAR CONSTANT CONSTANT ENERGY AT EQUILIBRIUM
CCNSTANT MCMENTUM ABCUT INTERMUC. AXIS CEy 1/CM BETA, 1/CM CEZERD, 1/CM POSITION, CM
STATE C.00 ¢ 0.0000000£-38 €.0000000€~38 0.0000000E-38 C,1C121C0€-07
STATE 139.99 1 0.0000000E-38 C,0000000E-38 0.3510000€ 0OF C.9706000E~08
ELECTRCNIC ELECTRONIC
CEGENERACY TERM ENERCY hE WEXE WEYE WEZE BE ALPHA E
STATE 2 3,268250CE 04 3.18056C0E 03 $.4930000E 01 -6.47C0CCCE-O1 0.0060000E-36 1.73550CCE Q01 8.07CO000E-01
STATE 4 0.0000000E~39 3,7352100€ 03 8.2810000E 01 0.0000000E-39 0.0000000E-39 1,8871000E 01 T7.1400000€-01
FRANCK=-CCNDGN FACTCR
v c 1 2 3 4 5 6 7 8 9
6.,0700E-01 8.90C0E-02 3.00CCE-C3 Skaddasshk hkarstsdss AARBARAREE  ERERRRREA S 2hER Xk A AR AR
8.€0CCE-C2 7.1600E-01 1.86C0E-01 1.20C0E-02 P N e P T T E P L L L L L L R L S bbb RRARRRERE  REERRRRRRK
6.CO00E=02 1.6SCO0E-Cl 5.14C0E-C1 2.80CCE-01 3.2000E-02 #hkdkkdsss *hkddtihes FRHAERRERE KRR ERRRKE  hfopkkkk
%49 8%0%%%  2,3000E-C2 2.,37C0E-Cl 3.2100E-01 3,2G00E-01 #¥kkmobris dkkaksfiont knobiokikek Aokkrokdook  koktok Rk
t4pratetts  3.00C0E-C2 5.4CCCE-C2 2.53C0E-01 #xasdkdddss sk ReRRAd  sRERlkRRER  RoRRoRokRE  RERRKkkkR Aok ook KKk
sepsaskid  RRxadkkkEkk  7,0000E~-C2 oriokddeks okakdokikix D e T e e L L L b
I T s S Lt s LR L L L L L L L L L bbb P e T T T T T T B LI L L Ll l Ak b b d b
POROIOHE et T T T T T T T UL L LS L L kbbbt A I T T T T T ST R L L ki L bkt
D e T T T T D LI L L L L N B s T T T T T T T L I L L L L Lt kit
B e T T L Tt L L LI L L LRl Ll L I Lk bbbt P e T T T TS D L L L b by
N I T T LT LT LI L Lt b P TR Lt L L e DL L 2 2 L b B Lt LI 12
DO e T T T T T T T L L LE L L B bbbt ERERRRRRRE  ARRSASREAS piokklkik KKk EREkEE Rk
PO T T T T T T L S L bbb B I T T T T L 2 e LA kbbb
B e T T T TR T DL L e e e S h b D PRI T = T T 2 L L b kb
B e T T T T T T T L L L L LEL L L B kbbb D e Lt e T L L
PO e T T - T DT T LI L L L EE L L L bbbt pkakkRR Rk RRRRRRREE  BRKRRKRRRE  ARERKEERARE kkkkobk
P eI T T PT TET TN L L L e Lk B bbbl eakakEaiht  RAERRAEKER  RRKEREIRIR R IRERRS  RRRkRkkERE
D e T T LT T T T T T L LI L Ll B kbt FTIIITI T AN L L 2L L L ETE 2 N L1 L * L
PRSP T e T T TR L L L LS Ll b b bd il D T I T T T L L L b bbb
P e T T T T L L L IS S L s b L B L kbt sotdokg ok RRRRrERERE  RkXX x% A0k
v 10 11 12 13 14 is 16 17 18 19
P T T T T T T EE UL US4 LELL L L L IS bt S S T T T T L I i b
DN T T L b L bt b Seksakdtik  RRREEREE  Rkklkikad  RRRKERRaRE RRokkonk
O T T T r L L L Sl b PR e T T T T T T T R LT L il kb bbb
I T e T T L LT N L L I ek kbt SkkstRRREk  RRERXERERE KK * kW *% otk Rk
B PP T T T T T T T L L L e et el e dh it P e T T T T L T L L L Sl e L I b b
B e T T T T T T T T L 2 L e O T T LT DL LI L b bt
I T T T T2 S L L L L L e h kbbb Pt T B T T T T L L L S L bk 2 dokEk
D I T T e L et bt I O DA O T T T DT U LS L e Ll I ki
esdthsaRid  FRARREREES  SEeRRRRREE  RRrbkkii RRbbookiie e L E L LR L L E L L L b I kbt
bR AkAEs  HRERRAEEES  ARERRREEES  SRmplelE AKEsideedd I T L T T kb T o
ersriitRes by RpRdblbik  kEkkekik  kddddihhd D I T T LT T 2 L R n A bk el
B T T EEE T TTT LU L L A S LS L e bbbkt A S I T T s T L A S bbbt
eesheatss  BRARRRRERE  ERRKREERES  GEERhE  pEASRAREeE pakdckldidok bRRRRRRkEE  REERERRREE X *% *
D I T T T T T L LI L L L e I e A S b o FEETE LS L Lt ki L S * fekRRsERERE
crdsEEEES  RTEFLRERES  EFEESEHALE  SRApELObEE HERERRRDEF prdsREsERE  AeeAetREsd  AEppRolrk  RRRRExciick ook
I P T T T T T T I N L b b phASEEERE  BEEAERREES  ARERERmER  bRRRRRREk kkxkkiksk
B e T T LT LT L LR Sl L Lt b bt B R T TR T T T2 LT L I L ek i b
PO e T T T P T T P LI L L L D kg bbbl T P TR T L 2 L Tt b i bbb
SEiFRRERER  RREAKEEERE  FORRRREERF  PRbREbRRE KERARERERK ChhakkdtkE  RRRRERRERE  RkfckikkibR  kkksork  Rkakaikis
B R L s L A T LD IR L L Lt bt B bbb D i e T T T L L L I bk
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INTERNUCLEAR DISTANCE
AT EQUILIBRIUM
POSITION, CM

C.1235100E-07
0.1128190E-07

INDEX NO. NUMBER
SPECIFYINC SPECIFYING
DIATOMIC SUBROUTINE DATA LOCATION
TRANSITION USED IN CALC. ON TAPE
CC 4+ 2 5
SPECYCGRAPHIC CONSTANTS FROM HERZBERG.
MORSE FRANCK-CONCCN FACTORS BY NICHCLLS REF JQSRT 2 (1962}
THIS TRANSITICN CCMPUTEC IN SUBROUTINE ONE
LINE NUCLEAR SPIN NUMBER OF REDUCED
ALTERNATIGN FCR HOMCNUCLEAR ELECTRONIC ATOMIC
FACTCR MOLECULES LEVELS WEIGHT
0.0 11 £.8584
SFIN QUANTUM NLMBER CF RCTATIONAL ROTATICNAL DISSCCIATION
CCUPLING RESULTANT ELECTRONIC ANGULAR CONSTANT CONSTANT ENERGY
CCNSTANT MCMENTUNM ABCUT INTERNUC, AXIS DE,» 1/CM BETA, 1/CM DEZERO, 1/CM
STATE €.00 1 0,0000000E-38 C.0000000E-38 C.00C0000E-238
STATE 0.00 C 0.0000000E-38 0.0000000E-38 0.8%60000E 05
ELECTRCNIC ELECTRCNIC
CEGENERACY TERM ENERGY WE WEXE WEYE WEZE BE
STATE 2 6.50748B00E 04 1.5156100E 03 1.7250500€ 01 0.0CCO000E-39 O©,CO000000E-39 1.6116000E 00
STATE 1 0.00C0000E~36 2.1702100€ 03 1.3461000E 01 3.0800000E-02 0.0000000E-39 1.9313900f 00
Z G.S8CE000E C4 2.11200C0E 03 1.S800CCCE 02 C.O0CCO000E~39 0.0000000E-3S 0.00CO000CE-36S
3 9.31578CCE 04 C.CO00CO0E-39 0.0000000E-39 (.0000000€E-39 G0.0000000E-39 1.95630CNE 0O
1 6.2926000E 04 2.13400C0E 03 0.CC00000E-39 C.0CO0000CE-39 0.0000000E-39 0.0000000E-39
1 9.19260CCE 04 2.,1230000E 03 0.CCO0000E-39 (.0CO000QE-39 0,C000000E~39 1.9422000E 00
1 8.6G48000E 04 2.08207CO0E 03 C.0000000€E-39 C.0000000E-39 0.0000000E-39 1.9610000E 00
3 8.38C4000E 04 Z2.1$80000€ 03 (0.CCOO000E-39 C.CCO00000E-39 0.C0CO0000E-39 2,0750000E 00
€ 6.2269400€ C4 1.,1377900€ 03 7.62400CGCE 00 -~1.1250000€-C1 0.0000000E~39 1,261%000E 00
3 5.59C1000E 04 1.21800COE C3 9.5C00CCOE 00 C.0CO0000€E-39 0.0000000€E-39 1.3310000€ CO
6 4.8687550E 04 1.7392500E 03 1.447000G6E 01 (0.0C00000E-39 0.0000000£-39 1.68100C0E 00
FRANCK-CCNDON FACTCR
VvV C 1 2 3 4 5 6 7 8
141219E~01 2.,6C87E~ClL 2.8477E~C1l 1.5629E~01 G,.6040E~02 3.5535E-02 1.0240E-02 2.4282E-03 4.6859E-C4
2.1614E-C1  1.5487E-01 3,C5C8E-C2 7.64356-02 1.9313E-01 1.8569E-01 1,0829E-01 4.4465€-02 1.,3804E~-02
242GG7E=-C1l 1.2179E=-C2 9.0126E~C2 1416C7E~01 5.C832E-C3 S5.,7179E-C2 1.,6502E-C1 1.6681E~01 9.6629E-02
1.8128E~01 2.04S3E-C2 1.17C4E~C1l 6.,4526FE-04 8.9569E~02 B.4157E-02 4.7128E-04 6.7660E~02 1.5884E-01
1.1879E-C1l  E.7285E-C2 3.,4423E-C2 5.7€630E-02 £(.6561E~02 6,1711E~03 9.8034E-02 5.1406E-02 2,72C2€E-03
6.8846E-C2 1.23C4E-Cl 3,2357E~C4 G.1254E-02 1.3B41E~C5 B.2259E-02 2.2684E~-C2 3.1553E-C2 9.4377E-02
3,€66T5E-C2 1.1€03E-01 3.2109E-C2 4.,22C1E~02 4.2898E~02 4.2265E~-02 2.1776E-02 7.2885E~02 S.S3C4E-04
1.8429E-C2 8.8CS7E-02 7T.3469E-02 2.2226E-03 7.3886E~C2 4.2668E-05 6.6877€E-C2 2.9021£-03 65,.818lF-02
Bs8GT74E~C3 5.82T71E~02 9.,CS72E-C2 G.8GG4E-03 4.4622E-02 3.2779E-C2 2.9742E-02 3.0612E-02 4.2672E-02
4,1842E-02 3.5370E~C2 8.4527E~C2 4,0627E-02 1.5687E-03 6.0808E-02 3.8286E~05 5.8344E-02 1.6689E-05
16G367E-03 2.0162€E-C2 6.6327E~02 ¢€.4755E-02 1.,4618E-03 4.5C52€-02 2.4181E-C2 2.3731E-02 3,2522€-02
8.8941E-04 1.,1C24E-C2 4.,6€41E~C2 7.1751E-02 1.5480E-02 1.45C4E-02 4.96S5E~02 1.1030E-05 4,S$442E~-02
4,CT8TE~C4 5.86&43E-C3 3,C446E-C2 6.5CB6E-02 4.17€8E~02 1.7143E-C4 4.4180E~C2 1.6298E-02 2.,15G4F-02
1.8713E-C4 3.0666E-03 1.88BlE-C2 5.2C41E-02 5.5213€E-02 6.7201E~03 2.C995E-C2 3.9190€-02 4.2287€~C4
B.7C84E-05 1.5891E~03 1.12C4E-CZ 2,8223E~02 5.7629E-C2 2.3102E-02 3.2€42E-03 4.1680E-02 9,20C1E-03
4.C846E-CS 8,2117E-C4 6,6118E-03 2.6471E=-C2 5.1936E~C2 3.7673E-02 1.2801E-C4 2.6615E~-02 2,8617E-02
1.6425E-05 4.2525E-04 3.B8121E-02 1,75S7E=-02 4.2528E-02 4.5G27€E-02 9.4788E-C3 9.4220E-03 3,6896E-02
G.3E67E-Cé 2.2157E-C4 2.1816E-C2 1.1273E-02 2,25G6E-C2 4.6731€-02 2,1795E-C2 6.1450E~04 3.0143E-02
4.6172E-C6 1.,1653E-C4 1.2459E-C3 7.2159E-03 2.3851E-02 4.2574E-02 2.1818E-02 1.69376-03 1.6581€£-02
BERERSRRE RRRIERRRET  RRIRRRORIRR ddkdokkkkokEk solkkdokioik Rkt kddokiokkkad  ddokkkdokidd kR eRakehgk
Vv 1cC 11 12 12 14 15 1¢ 17 18
1.,C151E-05 1,15€8E-06 1.11€1E-CT S,1E6SE~09 6,4215E~1C 3.7782E-11 1.8874E~-12 S.£€394E-14 1.G682E-1°
6.€637E-04 1.C812E-C4 1.4579E-CS 1.64€2E~06 1.5635E-07 1.2525E-08 B8,4721E-10 4.8179E-11 2.2816E-12
1.2831E-C2 32,1152E=C3 6.C724E-C4 S.6710E-05 1.2731E-C5 1.3957€-06 1.2800E-07 9.8388E-0S 6.3250€E-10
B.4545E-CZ 3.3725E-C2 1.0112E-C2 2.3717E~03 4.,4621E-04 6.8445E-05 8,£6524E-06 9.0748E~07 7.9258E-08
1.567GE=-C1  1,2914E~Cl 6.7610E-C2 2.5283E-02 T7.1696E-C3 1.5¢70E-03 2.8572E-C4 4.1658E~-05 4.G963E-06
1.8C21E-02 1.1269E-Cl 1.5CS5E-C1 1.C784F-01 5.1173E-02 1.7€S6E-02 4.6884E-C3 9.8077E-04 1.6515€-04
T.2827E-02 2.4321E-03 4.5471E-C2 1.3211E-01 1.3855E-01 8.,5849E~02 3.67C7E-02 1.1654E-02 2.8628F~03
1.C1C4E-C2 8.2806E~02 4.0479E-C2 2.74C2E-C3 7,8643E-02 1.4142E-01 1.2C17E-Cl1 6.4922E-02 2.4980E-02
6.8218E-02 6.0762E-C3 4.0752E-C2 7.7S72F-02 1.1842E-C2 2.2424E-02 1.06892E-01 1.3911E-01 9.8285£-02
5.8671E-03 4,3499E-02 4.4543E~C2 2.4546E-C3 6,5276E-C2 5.2619E-02 1.8350E-05 5.4755E-C2 1.2915E-01
2.4797E-02 4.,16S7E-02 4,7082E~03 6.2178£-02 1.2255E~C2 2.62C2E-02 7.6757E-02 2.,1822E-02 1.0029E-02
4.G911E-C2 5.7511E-C€ S5,1872E-C2 £.4S25E-03 3.2523€~C2 4.81356-02 1.3207E-04 S5.7C40E-02 £.00S4E-02
1.4383E-C2 2,1435E-C2 2.C623E-C2 2.C729E~C2 4.0S79E~02 1.S786E-03 S.6287E-02 1.8132E-C2 1,6162E-02
1.717GE-C3 4.10C4E-02 2.,1272E-C32 4,4551E~C2 6.,1243E-CH 4.6549E-02 1.1148E-02 2.5596E-02 5.0261€-02
«5544E-CZ2 1.0€72E-C2 3.1550E-CZ 1.,ClClE~C2 2.54C6E~C2 1.S578E-02 1.£848E-C2 4.0G13E-02 4.4129E-04
3,7€12E-CZ2 1.2C81E~C3 3.4821E-CZ 4.CCl4E-C3 3.5446E-02 2.3548E-03 4.1117E-02 1.5S83E-C4 4.,1675E-02
2.3565E-CZ 1.S485E-02 1.C1S2E-02 2.8372E~02 6.CB84BF-02 3,0450E-02 8.6642E-03 2.£350E-02 2.0329£-02
S.1274E~C2 3,23276E-C2 2.€512E-C4 3.1077E-02 3,7993E-C3 2.G1G8BE-C2 4.8212E-C3 2.2261€-02 1.7C42E-03
2,251€6E~04 2.5475E-C2 1.26327E-C2 1.1864E-02 2.3360E~-C2 5.3800E-03 2,7723€E-02 4.6775E-03 2.7916E-02
SRS BRcERRdrioRR  HEREFERSRR  ARKRRRRR®  dEERERAR  RkkdokkdRk  RRRRARKRRE  RRRgrskkR  kkokkdokiokk R

ALPHA E

2.2290000E-02
1.7485000E~02
0.0000000E-39
0.0000000E-39
(.0000000E-39
0.0000000E-39
2.70000C0E-02
3.2000000€-02
1.7000000£-02
1.6000000E-02
1.9300000E-02

9

T.5264E-05
3.3745E-03
441214E-02
1.4862E-01
845110E-92
2.1092E-02
6.3519€-02
3.7499E-02
9.8388£-03
5.8879€E~02
243741€~02
1,0943E-02
3.0204€-02
4.2877E-02
2.1882E-C2
1.93¢5E-03
3,5232E-C3
1.8049€E-02
2.9379€E-C2
EEET LT

19

1.7458E-16
8.,8683E~14
3.4137€-11
5.7731E-0N9
4.9572€-07
2.2666E-05
5.5R19F~04
7.2522E-03
4.66CTF=-02
1.2656€-01
8.9341£-02
2.24C4F-03
7.2885E-07
4.4292E-04
5.0304€-02
1.4535E~02
1.25€2E-02
3.8687TE-N2
9.2564F-03
o e A o o o o e
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C.1C75000E~-07

INDEX NO. NUMBER
SPECIFYING SPECIFYING
DIATOMIC SUBROUTINE DATA LOCATION
TRANSITEGN USED IN CALC. ON TAPE
N2+ 1- 1 6
SPECTCGRAPHIC CONSTANTS FROM HERZBERG.
MCRSE FRANCK-CONCCN FACTORS
NBS VCL €5A 1S€1 P451
THIS TRANSITICA CCMPUYELC EN SUBROUTINE ZERO
LINE NUCLEAR SPIN NUMBER OF REDUCED
ALTERNATICN FCR HOMONUCLEAR ELECTRONIC ATOMIC
FACTGR MOLECULES LEVELS WEIGHT
1. 1.0 3 7.0036
SPIN QUANTUM NUMBER OF ROTATIONAL RCTATICNAL DISSOCIATION
CCUPLING RESULTANT ELECTRONIC ANGULAR CONSTANT CONSTANT ENERGY
CCNSTANT MCMENTUM ABCLY INTERNUC. AXIS DEy 1/CM BETA, 1/CM CEZERO, 1/CM
STATE C.00 0.0000000E-38 (,.000000CE~38 0.0CCO000€-38
STATE 0.00 0.0000000€E-38 0.0000000E-38 0.7C39000E 05
ELECTRCNIC ELECTRCNIC
DEGENERACY TERM ENERGY WE WEXE WEYE WEZE BE
STATE 2 245461500E 04 2.4198400E 03 2.319000CE 01 ~5.37500C0E-01 0.0000000E-39 2.08300C0F 00
STATE z C.CCO0000E-39 2.2C71900E 03 1.,6136000E 01! -4,0000000E-02 0.0000000E-39 1.,9322000E 00
2 6.46220CCE 04 2.C500CCOE 03 0.CCOOCOCE-39 C.0CO0000E-39 0.CO00000E-39 1,65000C0F 00
FRANCK=-CONDON FACTCR
vv c 1 2 3 4 5 6 7 8
€.5C94E-01 2.5883E-C1 7.Cl62E-02 1.5SS7E-02 3.2972€-C3 6.3420E-04 1.1549E-04 1.9998E-05 3.2805E-0¢6
3.0L44E-C1 2.2260E-01 2.8598E~C1 1.3242E-01 4.2726E-02 1.1403€-02 2.6998E-03 5,8613E-04 1.1B49E~04
44E271E-02 4.C5S9E=C1 S.0€4€E~C2 2.25CLE-01 1.6535€-01 7.1123E-02 Z2.2623E-02 6,6S08E-03 1.6951E-C3
2.2475E-03 1.0562E-01 4.1372E-C1 2.106C56-03 1,5566E-01 1.7C60E-01 9.4514E-02 3.8C08E-02 1,2612E-02
1.4521E-C5 6.S253E-C3 1.,6604E-C1l 3.7522E-01 6,7254E-C3 G426C1E-02 1.5692E-01 1.0964E~01 5,2363E-02
4.6340E-07 3.9858E-C5 1.33$5E-02 2,2051FE~01 3.3100E-01 2.5248E-02 4e8153E-02 1.3327E-01 1.16C6E-01
G+481GE~CS 3.0877E-CE& 5.7286E-CE 2.C651E~02 2,6731E-C1 248204E-C1 5.3307E-02 2.0444E-02 1,C64TE-01
€.437T7E-1C 2,4169E-08 1.1319€-C5 4.92S8E-05 2,7894E~02 3.0677E~01 2.4145F-01 7,2364E~02 5,$387€-03
441668E-12 5,7552E~C9 4.$5C6E-0€ 2,0C55E-C5 1,8070E~C5 3.4188E-02 3,4009E-01 2.0830E-01 £,4684E-02
1.2746E-12 3.8766E~12 2.6591E-C8 1.7424E~-08 6,4203E-05 1.0666E-06 3.8904E-C2 3.6856E-01 1.8373F-01
2.5487€~14 1.0275E-11 1.7CS6E-10 8.3563E-08 3.2950E-C8 1.1610E-04 8.0941E~05 4.1527E~02 3,$326E-01
2.8767E~16 €.,9597E-13 3,876TE-11 1,67€2E-09 1,S686E-C7 6.7150E-07 1.8230€E~C4 3.R725E-04 4,1704E~02
5e2594E-16 2.4906E-15 5.55$8E~-12 7.8486E-11 S,1842E~09 3.5$33E-07 3.5224E~0€¢ 2,5C896-04 1.C871E-03
7.4212E~2C S.9105E~16 1.C0S1E-12 2.7547E-11 5,7016E-11 3,5189E-08 4.S9326-07 1.1720E-05 3,01C2E-04
1.7188E~1€ S.8G52E~17 1.3821E-15 6.$713E-13 9,4783E-11 1.3391E-11 1.0410E~C7 4.7645E~07 3,0048E-05
1.84C7E-16 4,C281E-17 2.6642E-15 32,0660E-15 7.6533E-12 2,24B5E~10 1,1384E-C9 2.4797€-07 2.0416E-C7
1.E15SE~17 £,4575E-18& 2,8290E~15 ¢€.5616E-15 2.0529E-14 3.6688E-11 3,6122E~10 B8.9261E-09 4.82C0E-07
9e5257E-17 1.3459E-16 1.33C6E~15 1.5689F~15 5,3219E-14 1,1348E-12 1.2484E-10 2.8260E~10 3.8957E-C8
3.2282E-16 6.4620E-16 2.7374E-11 3,0826E~15 17,68C8E-15 4.8177€-14 B8.8436E-12 2,2815E-10 2.0518E-15
3.C4€6E-16 6.7846E-16 1.1417E-1€ 2.9C53E~15 2,1337€-17 T.5994€-14 2.1504E~14 4,3885E-11 6.15288-10
vv 10 11 12 12 14 15 16 17 18
740274E-CE€ 8.4194E~CS 7.47C6E-10 2.7246E-11 1,5572E-12 5¢7438E-12 4.CT326~-12 1,9329E-12 7.4924E-13
2.G213E-0€ €.2862E-07 B.T554E~C8 G.5321E-09 5,6580E~10 2.7584E-13  4,1016E~11 3.8757E-11 2.11%56E-11
€.4449E-C5  1,6754E~C5 3,C3C5E-C€ 4.8213E-07 6.2656E~C8 5.2243£-09 S.SC97E-11 1.2S276-10 1.8980€-1C
9.6386E-04 2.3237E-C4 5.1559E-C5 1.C440E~05 1,8810E-06 2.8382E~07 3.0499E-08 1.1288E-09 1.9308E-10
6.5985E~C3  1.9422E-03 5.2074E-C4 1,28CTE-04 2.8771E-C5 5.7951E-06 $.6985E-C7 1.31656-07 8.80C2€E-0S
2.8257€-02 1.0429E-02 3,4CS8E-C3 1.C071E-03 2,7242E-04 6.7269E-05 1.50326~05 2.9233E-06 4,5566E-07
7.4424E-C2 3.6515E-02 1.4962E-C2 5.32781£~03 1,7413E-03 5.1455E~C4 1.3912E-04 3.4114E-05 7.2925€-06&
1.C837E-C1 8.05C8E-02 4.4113E-C2 1.S5126-02 7,.8225E-03 2.7556E~-03 8,8413E-04 2,5973E-04 6.5513E-0%
S5.E€49E~02 $.8214E-02 B8.3188E~02 5.05286-02 2,4G53E~(C2 1.C64TE-02 4.C574E~C3  1,4059E-03 4.4632E-04
5.55156-C4 4,C751E-02 B.6284E-02 8.2879E-02 5,5439£-02 2,S771E-C2 1.,2721€E-02 5.6271E-03 2,0953E-03
S+1407€-02 3,6040E-C3 2.71ClE-C2 7.3920E-02 8,0178E-02 5.8721€~02 3.,4099€-C2 1.6889E-02 7.4191F-02
1.5792E~01 €.8180E-02 7.8956E~-C3 1.7165E~02 6,2084E-C2 7.5740E~02 6.041CE-C2 3,7741E-02 1,5964FE-02
4¢337GE-01 1.5540E-C1 8.2045E~C2 1.2382E-02 1.0343E-02 541212E~02 7.C185E-02 6,0656E-02 4.0577E-C2
3.4320E-02 4.4S57E-C1  1.5923E-Cl 7.3828E-02 1.6506E~-C2 5.8379E-03 4.1852E-02 6.4044E-02 5.%684F-02
442€43E-03  2.7223E-02 4.6145€-01 1.6S€7E-01 6.4180E-02 2.0049E-02 3,0433E-C3 3,3901F-02 5.7742F-02
2+4992E-C4 7.1648E-03 1.87€2E-02 4.68C8E-01 1.8661E-01 5.3547E~02 2.3010E-C2 1.4302€6-03 2,7284E-02
1.1714E~C4  1.3548E-04 1.0676E-C2 1.0178E-02 -4.6761E-01 2.1C44E-01 4.235SE~02 2.5526E-02 5,B429E-04
1o2451E-0€ 1.,8672E-C4 2.C326E-C5 1.4566E-C2 3.2073E-C3 4.5788E-01 2.4131E~01 2.1C6SE~-02 2.7824E-02
9e0CB2E~07 7,5€52E-C6 2.5870E-C4 3.54556-05 1,8313E-02 1.9648E~05 4.3662E~01 2.7903E-01 2.0265£-02
3.C166E~07 6.8357E-CT 2.4387E-C5 3.0557E-04 3,9546E-04 241C29E-02 3,C0C89E-C3 4.C194E-01 32,22¢7E-01

0.1116200€-07

ALPHA E

1.9500000E-02
2,0200000E-02
5.00C00COE-02

9

5.0335€E-07
242393€-05
3.9336E~C4
3.6675€-03
2.0023€-02
6.,4883F-02
1.1499€-01
8.0835€-02
4.T434E~04
9.0654E-02
1.,6717€~-01
441493€-01
3.9276E-02
2.3614E-03
3.C712E-04
6,39G8E~-05
1.5601€-08
7.5533€-07
1.2246€-07
1.8664E-09

19

2.47C9E~13
9+2253E~-12
1.2444E-10
5.9679F-10
5.3623E-11
4.4113E-08
1.3305€-06
1.6626E-05
1.2557E-04
7.1529€-04
2,5555€6~03
9.3675E-03
2.2892€E-02
4.2558€E-02
5.7746E-02
5.1562E-02
2.1907€-02
1.ST9NE-04
3.C199€-07
1.07505-02

87



INDEX NO. NUMBER
SPECIFYING SPECIFYING
DIATGOMIC SUBROUTINE DATA LOCATION
TRANSITION USED IN CALC. ON TAPE
N2 1+ 7
SPECTCGRAPHIC CCNSTANTS FROM HERZBERG
MORSE FRANCK CCNCCN FACTORS
NBS VOL 65 A NC 5 1961 PAGE 451
THIS TRANSITICN CCMPUTEC IN SUBROUTINE CNE
LINE NUCLEAR SPIN NUMBER CF REDUCED
ALTERNATICN FCR HOMONUCLEAR ELECTRCONIC ATOMIC
FACTOR MCLECULES LEVELS WEIGHT
1. 1.0 1C 7.0038
SPIN QUANTUM NUMBER CF ROTATIONAL ROTATICNAL DISSCCIATION INTERNUCLEAR DISTANCE
COUFLING RESULTANT ELECTRCNIC ANGULAR CONSTANT CONSTANT ENERGY AT EQUILIBRIUM
CCNSTANT MCMENTUM ABCUT INTERNUC. AXIS DEy 1/7CM BETA, 1/CM DEZERC, 1/CM POSITICN, CM
UPPER STATE C¢.0C 1 0.0000000E-38 C.0CC0000E-38 €.00C0000E-28 C.12123C0E~07
LGWER STATE 0.00 ] 0.0000000E-38 C.0000000E-38 0.00C0000E=~38 0.1293000E-07
ELECTRCNIC ELECTRONIC
CEGENERACY TERM ENERGY WE WEXE WEYE WEZE BE ALPHA €
UPPER STATE L} 5.,66263CCE 04 1.7341100E 03 1.4470000E 01 C.0CCO0COE-39 ¢.CO00000E-35 1.638C0COE 00 1.8400000E-02
LCWER STATE 3 5.C206000E 04 1.4603700E 03 1.3891000E 01 -2.5C00000E-02 0.0000000E-39 1.4400000E 00 1.3000000E-02
1 $.9327000E 04 €.7C00CCOE €2 C.COCO000E-39 C.CCO0000E-39 C.CO00000E-3$ 1.4600000E€ CO 0.,000000CE~39
2 $.7584000E 04 C.CCOOCCOE-39 0.CO000000E~39 0.0000000E-39 0.0000000€-35 0.,0000000€-39 0.0000C00CE -39
3 .577C0CCE 04 2.18450C0€ 03 0.CC00000E-39 €.CCO0000E-39 0.0000000E-39 C.0000000E=39 0.0000000E-3¢9
€ 8.514730CE 04 2.C251000E 03 1.7C80000€ 01 -2.150000CE 00 0.0000000E-39 1.8259000€ 00 1.9700000E-02
z 6.5290000E 04 1.65201C0E 03 1.27910CCE 01 -3.4€900C0E~C1 0.0000000€~35 1.6370000€ CO 2.2400000E~02
2 6.3943000E 04 1.5601000E 03 1.1900000€ 01 0.0C00000E-39 0.0000000E~3S 0.0000000€-39 0.0000000€E~39
1 6.CCO0000E 04 1.5270CCOE 03 1,15000CCE- 01 0.0000000E-35 0.0000000E-3S 1,48000C0€ 00 1.5000000€~-02
1 C.CCO0000E-39 2.35961C0E 03 1.4456000E 01 7.5100000E-03 -5.0900000E-04 2.01000CCE 00 1.8700000E-02
FRANCK-CCNDON FACTCR
v C 1 2 3 4 £ ) 1 8 Q
v
0 3.3816E-01 3.2480E-C1l 1.895€E-C1 E.85€TE-02 2.6486E-C2 1.3GS0€-02 5.1465E-03 1.8513E-03 6.5953E-04 2.3477€-C4
1 4.06456-01 2.3100€E-C3 1.0321E-01 1.7820E-01 1.4502E-01 8.6473E-02 4.3670E-02 1.9997E-02 8.6259E-03 3,5891E-03
2 1.5746E-C1 2.1203E-C1 1.1220£-Cl 1.2C48E-03 7.7240€-C2 1.2750€-01 1.1271E-C1  7.4955E-02 4.2471€-02 2.1815€-02
3 5,0143E-02 2.9871E-Cl 3.8683E-C2 1.6220E-01 3.2267E-02 9.,0504E-03 6.91006-02 1.0094E-01 9.C789E~02 6.4061E-02
4 7.1605E-C3 1.2180€-C1 2.7381E-Cl 1.68CE56~03 1,1388E-01 8.8227E-02 5,2273E-63 1.T977E-02 6.2607E-02 8,3488E-C2
5 5,87123E-C4 2.7286E-C2 2.1065E-01 1.8C81E-01 4.TT796E-02 4.2616E-02 1.6567€-01 3.8289E-02 1.22C8E-06 2.,4543E~02
€ Z.E156E-CS 2.5248E-C3 6.1481E-C2 2,6054E-01 B8.3053E-C2 1.C4C4E-01 2,1711E-C2 B8,078l1E-02 6.9671E-02 1,2893E~02
7 5.6982E-07 1.6122E~04 8.,4620E-C3 1.0650E-01 2.7061E-01 1.5163E-02 1.29056-01 6.7482E-03 3,5461E-02 7,7327€E-02
8 4,7221E-CS 4.1737€-C6 5.6752E-C4 1.85€6E~02 1.5609E-C1 2.4280E-C1 2.7659E-C5 1.1586E-01 3,£6230F~02 8.36C1E-03
9 €.5075E-12 3.9626E-08 1.7188E-CS 1.49476-03 3.4197E-02 2.0292E-01 1.51856-01 1.6939E-02 7.8622E-02 6.,7727E-02
1C 2.78C2E-15 6.C552E-11 1.8482E-C7 €, 24C8E-05 3.,2741E-03 5.5€89E-C2 2.4021E-C1 1.2991E-01 5.2188E-02 3,7645€-02
11 8.1140E-16 3.3224E-14 3.0349E-10 6.2216E-07 1.,3176E-04 6,2985£-03 8.2650E-C2 2.6301E-01 7.2055€-02 8,7792€E-02
12 2.514€E~1€ 5.0349E-16 2.1376E-13 1.1C12E-09 1.769CE-0€6 2.8895€-04 1.0992E-02 1.1398E-01 2.6878E-01 2.8566€-02
13 5.G€256-17 1.6620E-16 4.3327E-1¢€ 1.0512E-12 3,2357E-09 4.28G6E-06 5.7172E-C4 1.7773E-02 1.47$9E-01 2,5751€-01
14 3.4245E-16 4.47156E=1T 4.5421E-1¢€ ¢,7232E-16 4,04T€E-12 8.1628E-09 G.3348E-06 1,0436E-03 2.7016E-02 1.8258E-01
15 1.7C05E-16 2.5344E-16 2.7160E-17 4,1287E-16 2.8052E-15 1,2846E-11 1.8385E-08 1.8657€E-05 1.7849E-03 3.,5015€-02
16 5.1720E-18 7.4160E-17 2.2224E-1¢ 4.G078BE-17 6.3948E-17 4,5515E-14 1.44276-11 3.7813E-08 2,4803E-05 2.8927€-03
17 2.C782E-16 1.5676E-17 2.1122E-1¢ 5,40C9E-16 2.1696E-15 2.4366E-15 2.1664E-13 8.5321E~11 7.2020€-08 6,1314€-05
18 1,888GE~-16 1.2423E-1¢ 2.4254E~17 S.1758E-17 1,2590E-16 3,5570E-16 2,C869E-17 4.8996E~13 1.99€5€-1C 1,2872£-07
19 1.0678E-17 1.1379E-1¢ 1.9C19E-17 2.&C7BE~16 9.S179E-16 3,8594E-15 4.2273E-15 8.32156-15 1.2163E-12 4.2255E~1C
Vv 1c 11 12 12 14 12 16 17 18 19
v
C €.4C21E-05 3.0383E-C5 1.1125E-C5 4.14736-0€6 1.5729E-Cé 6.C831E-07 2.4019E-07 #tippdksd dathrdikak Fdgok R R K
1 1.4631E-03 5.S070E-C4 2.38C2E-C4 9.6271E-05 3.9251E-05 1.6185E~05 6.T658E-06 kfkkaimmk RARRHRRAEE o e oA ek
2 1.C52GE-CZ 4.8€45E-C3 2.2119E-C2 ¢, 8835E-04 4.2920E-04 1.S525€-04 8,721 7E~CS  #fkiioktdoks  Fpafdbhnds Fok A K AR
2 2,61716-C2 2.1871E-C2 1.1508E-C2 5.8243E~03 2.8759E-03 1.3$95E-03 6.7625E-064 dokbikaskkk  dokkkfkionk Ft AR R AOR R
4 7.51CEE-C2 S.51C3E-C2 3.56€7E-C2 2.12756-02 1.2016E-02 6.5421E-03 2,4791E-03 wfdthpikdh  kFFERRedK gk kR R R
5 5.E198E-C2 7.0564E-C2 6.3284E-C2 4.754SE-02 3,2525E-C2 2.0514E-02 1.2313E-02 #xkpkkkrks pakhdkihis Aot dok ROk
& 2.46006-C3 2.8CS9E-C2 5.2611E-C2 £.0364E-02 5.4340E-02 4,2250€-02 2.986TE-02 k&tdkidmkd Hppkhihkx ok ok ook ok
7 3.8228E-02 Z2.7284E-C3 6.,4CC3E-C2 2.9121E-02 4.7C31E~02 5.2119E-02 4.T183E-02 Towfominiiik  Fdmedakrik AR AR KL
8 6.C770E-C2 5.7211E-C2 1.8520E-C2 £.6772E~05 9.5049E-03 2.8239E-02 4,1643E-02 wrikskkiok  kaRkbkokkok Aok AKX
G 3.1940E~C4 3.3C48E-C2 5.S448E-C2 1,72E9E~C2 T7.5625E-03 3.,6806E-04 1.1202E=02 skgopkoik  kRRKEscks ¥ oAk kR K
1C 8.37CCE~C2 1.3CE8E-02 9.5758E-C3 4.,6C33E-02 4.8138E-02 2,2815E-02 3,0276E-C3 #dckskimiorkk xkksigolr ok kR
11 $.011BE-C2 7.8566E-02 3.5274E-C2 6.6872E-05 2.5442€E-02 4.6325€-02 2,5766E-02 kwdriakkk  wkskhkihkk gk A kR ko ok
12 1.1C86E-C1 2.€171E-C5 5.8457E-C2 5,4227E-02 5.71C4E-C3 7.8299E-03 3.3G74E-02 krdkkrkkkdk  kRRkaikRrk Nk AR
12 4.€872E-C3 1.185€1E-C1 G.3424E-C3  2,2354E-C2 6.1513E-C2 2.0820€-02 1.3633E-04 HEdkkrkkix shckddpaR gk kR RkE
14 2.2145E-C1 T7.7329E-C4 1.0262E-C1 2.5820E-02 1.0861£-02 5.5268E-02 3.6818E-02 #rxsmxfkikk ERTI LI L L L bbbl
15 Z.1544E-C1 1.9452E-Cl 1.23C1E-C2 7.826CE-02 5.2260E-02 5.5460E-04 2,G360E-C2 #x&ddtiris EREI R ELL L S bbb
16 5.3G47E-C2 2.4432£-C1 1.5158E-C1 2.6327E-C2 4.9346E-02 6.8675E-02 2.9424E~C3 wkkikeks PEERT AL LR S Sk kit ki
17 4.4801E-C3 7.1852E-C2 2.6718E-C1 1.C776E-01 6.3088E-C2 L2488E-02 T.4248E=02 kxmwkkakik PR L A L S bty
18 1.CB94E-04 6.6745E~C3 G.2613E-C2 2.8246E-01 6.7723E~02 8.7269E-02 6,1701E-02 hkmkddikk PRI EELELL I L hdhduhihd
16 2.1785E~C7 l.€6E5B4E-C4 9.6153E-C3  1,1565E-01 2.89COE-CL 3,6244E-02 1.0409E-01 odkdkxdkks EETTIIIL LI Ll st

08}
0e}
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INTERNUCLEAR DYSTANCE

AT EQUILIBRIUM

INDEX NO. NUMBER
SPECIFYING SPECIFYING
DIATOMIC SUBROUTINE DATA LCCATICN
TRANSITION USEC IN CALC. CN TAPE
N2 2+ 1 8
SPECTCGRAPHIC CCMSTANTS FROM HERZBERG
MORSE FRANCK CONDCN FACTORS NBS VOL 65A 1961 P 451,
THIS TRANSITICN CCMPUTEC IN SUBROUTINE ZERO
LINE NUCLEAR SPIN NUMBER CF REBUCED
ALTERNATION FCR HOMONUCLEAR ELECYRENIC ATOMIC
FACTOR PCLECULES LEVELS WEIGHT
1.0 1C 7.0038
SPIN CUANTUM NUMBER CF ROTATIONAL ROTATICNAL DISSCCIATION
CCUPLING RESULTANT ELECTRGNIC ANGULAR CONSTANT CONSTANT ENERGY
CCASTANT MCMENTUM ABCUT INTERNUC. AXIS BEs 1/C¥ BETA, 1/CM DEZERG, 1/CM
STATE €.00 1 0.0000000E-38 (C,.0CQ0000€E-38 C.00C0000E~38
STATE 42.30 1 0.,0000000E-38 C.00C0000E-38 0.0000000€E-138
ELECTRCNIC ELECTRONIC
CECENERACY TERM ENERGY WE WE XE WEYE WEZE BE
STATE ] 8451473CCE G4 2.C251000E 03 1.7C80000F 01 -2.150000CE 00 0.0000000E-39 1.82590C0F €O
STATE ] 5.9626300E 04 1.7341100E 03 1.4470000FE 01 0.0C00000E~39 C.0000000E-39 1.6380000E QO
1 9.9327000E 04 6,.7C00CC0E 02 (.CCOCCO0E-3S 0.CCOO000E-39 C.CCOOOQ0E~-39 1.,46000C0F 0C
3 9.7584000E 04 0.C000CO00E-39 0,00000006-39 0.0000000E-39 0.0000000E-39 0.0000000E-39
3 G+577COCCE 04 2.18450C0t 03 0.CCOO000CE-3S C.0CO00000E-39 0.0000000E~39 0.,00000C0E-39
2 6.525C000E 04 1.6S20100E 03 1.2791000E 01 -3,4890000€-01 0.0000000E~-3¢ 1,6370000E 00
z 6.2543000E 04 1.5601C00E 63 1.19000C0€ 01 C.0C00000€-39 0.0000000E~39 0,0000000E-39
1 €+COCCO00E 04 1.,5270CCOE. 03 1.1500000€ 01 0.0C00000E-39 0.C000000E-39 1,4800000€ 00
3 5+C2C6000E 04 1.46C37CCE 03 1.38910C0F 01 -2.5C00000E-C2 0.0000000E~39 1,44000C0€ 00
1 C.0000000E-39 2.25961C0E C3 1.445600CF 01 7.5100000E-03 -5.0900000E-04 2.0100000E€ 00
FRANCK-CENCGN FACTCR
vv [ 1 2 3 4 H 6 7 8
4e4G29E-Cl 3.2870E~Cl 1.4691E-01 5.2258E-02 1.6245E-02 4.7260E-03 1.299SE~03 3.4632E~04 9.0427E-05
348986E-Cl 1.8685E~02 2.0376E-Cl 2,0027E~01 1,1238E-01 448391€-02 1,7904E-02 6.,0242E-03 1.5045E-03
143494E-C1 2,2222E-Cl 3,2S€8E~C2 5.5570E-02 1.6138E~-C1 1.4274E-C1 B8.,2030E-02 3,8599E-02 1.,5642E-02
24363CE-C2 2.5146E-0l 1.63C4E-01 1.1812E-01 1.8410E-03 8.8306E-02 1.345CE-01 1.0624E~01 6.16106-02
2¢1GC5E-C2  €.5566E-02 3,C242E~C) 4.,7523E-02 1.5698E~C1 1.4160E-02 2.5288E-02 9,5550E-02 1.10506-C1
BEORARKES D AARARRRERE RRERRRERAF AR ORI KRR AR kR Rk ARk RRRRIORRROR S Rkl b o ok
REARRRAAES ABEAIFRRRE RRRRREEIAN BRRRRRRRE KR ARR R Rk RR R R RRRERERRh  fRdkkkdod kbR ok
ARRGARER G R BRRARAAEE K BRDRRERRD ARRRRRRRRR AR AR Rl R ook K ootk ko Rk
REBBRBGABS AAABREEERR AR BRRETIRS BEBDOORRE RRRRRARERE  BRRAREER AR ARAAERRREF  GkRdkdokiolk ARk
FRRBERRERD AR AERRR R oRORRRRRES RORROR IR R R REOR SRR R AR ok R Sk okgolokk kR ok ok
FRRRAIRBED BERARTAOE RRRRRRAERDR RERF AR KRR AR RE R AR ARARARRERE  fdkkdokkk gk Aok ok
FEREDSAAND REBGRRRRAR HRRRRERET REGRFRARED AR RRR A KRR AR AR RR Ak Rk gokkiokk Kb kR
BRIBRGLRER BRERRARAAR BRRRE AR ARRRRORE R KR ERRR R AR Rk KRR EAORRR R Rkmdkkdokok okt
ERBLHRLEAS BEERRARER RORERRERR R ERRRRRRER SRR AR ARk Skl kk kool ok KRRk ok R
RRERAEGGEE RREDREE AR RERRRRRRE ARORRRRO AR BRI B RRAE BBk fdokdokkokdokk ok kR Rk Rk
RERRLEARAR AAEDRKEESE A BRREREARS BRBOAR RS RRRRRRRRK AR RR R RR AR AR AR fdkdkokkk bRk
FRABDREAD AERRRAAERK AT EREEEE FRRERRRERE AR RRRK RRRRARRREK SRR RIRRRE  golokikkdok ok RoRkok ok &
BRERRAREED RERRRAEARS R ARRRRARR AERRRRRRRE RRRORRRRRE  RORRRR RS SRR ARR S kool Aok bk Rk
RRABESEERD RIARRRRARS AORBRERARR BRRERRRERE RRRORSARIE  RRFRRR AR BRERRRRERE  wkdokdoliokik kR Rk ok
REAEIRGEERD REARRARARE RRRRREE A SRRRRRRRE  ARRRRRREE  RRRRERREE  AREEEBARAE  kmmAkhkkokd Aok Ak
vv ic 11 12 12 14 1€ 16 17 18
5¢STTTE~C6 1.5275E~C6 3.S014E-07 S.ST45E-08 2,553GF-CR £.5466£-09 1.6780E-CS 4.2921E-10 1.C925E-1C
1.7024E-04 4.9252E-C5 1.4075E-C5 3.SS12E-06 1.1265€-06 3,1711E-07 8.9119E-08 2,5012F-08 7,0058F-09
2.C1E1E~C3 6.7277E~C4 2.1835E-C4 6.SZ11E-05 2,1688E-C5 6,72C6E-C6 2.,065CE-CE €.3413F-07 1.5374E=C7
1.2816E-02 5.C889E-C3 1.S1C6E-C3 6.8923E~04 2.4164E-04 8.3002€E-05 2.8101E-C6 9.4178E-06 3.1341€E-06
4e€l44E=-C2 2.,2G24E-02 1.0317E-C2 4.3721E-03 1.7309E-03 6.6710E~04 2.5045E-C4 9.2257E~C5 3.3524E£-05
FEARLRERRD ARREERERER AR SERRRRFREE PEANERRIAR KRR RRRR kR Al dokfokkokk R k&R Kk
FERSERGAERS HARAARERRE AFRRRRERER BERODRRIOREE KRR RR R AR R ERER Rk E  Rkokkkkkkgd koo
PERRRBRGES BREIGAAREE SFTEEREREE KRR kAR BRI SRR AR Rk ok R ok
FEIBERLAS AARERRERED FRRFOREEED SRBRRIREEK RRRRRR IR RO R KRS RARRR RS Rk oo R ok Rk
FRREARARGD  ABREAFEERR AR EEIRAR RRERRRRRR AR E Rkl Rk RS A A SRR R Rk K bR e
RRERARLAES ARBDRKERER AR EERERED AERRRROREK kol Rk Rk Rclokkokk R A dkdolofokokkor  dokdokoRokk ok
FRARERIEAR RARBRRIRES KRRHERERED KR RRSRRE FERREIREOE R ARRRRRRER  RAAERRRREE  fohkRkmdkdk  Radkd Rkl
HRRRAAERRS AREREARRIE AFREREARE REARRRRRRE RRRER AR RS R ARRRRARKE  SRRRRRRRA R Akdkkkkkdk kR
BHEAEHAERE FAEIRRRKEE TSR RA SRFRRRERRR  KRRRRRRR R RPRNR AR AR R ARRRE RN ARk RARkE et kkik
ERERHBRAEY  pokgdopkkdd  kgdokdiokddd REEdlkkk dkokkkR Rk AR RRiobkRk  SofokkkE Rk RERARRKKER SRRt kkkdok
FEARARRSER ppdodddokdd RRXRFERAFD AR R RRAEE  RRRRRREREE R EARRRRREE - RIARRRRESS  ARhRkEEEEE KRk gkAkAd
FERRRDRFHS BAEIRAEERR RHBRRRRRES EROORRRRE ookl kR kRl SRkl kA RfokioloRiokk kR Rk kR
HEAKAFIRRD  FRFEXRRERE RREEEREEAF PR REERAE RERRIRIok AR SRAR  RRkkRRddd  fdokRioriok ok hkkokdk
AEFBBRAAIA RABFFRERES RARRRERARS RRAFRRLREE R RN ARk dkeR  dalokkEokdor ARk s skdokiks
BEFEFRRERR FRFHAORFRED RAEFRERRFN  pokEptdoikd RfokokRaobdR Akkdorkddgor  gokdokdobkdors  doktolokaokiod Rkt ddkAkd

POSITION, CM

C€.1148200€-07
0.1212300E-07

ALPHA E

1.9700000E-02
1.8400000€E-02
0.,00CN000E-39
0.000000CE~-39
0.0N00000E=-39
2.2600000E-02
0,0000000€~39
1.5000000€E-02
1.3000000E-02
1.87C0000F~02

9
2.2327€-05
5.774TE=-04
5.75226-03
2.9799E-02
84 0226E-02
P LR
AR
ARl AR
ok Rk Rk
ook R RK R K
Aok Kok ok
ek kK
A AR
HOR A A AR
AR
Aok B ok ok
SRtk KRk &
PR e e
ok Rk Rk
Fdood Rk ok ok

19

2.7561€E-11
1.9548E-09
5.6029E=-0R
1.0378F-06
1.20€5€-05
ETT T T T
T
LR T
PR T T TP
SRRk
EEE TP
s Ak ok
oot ok dokfok
AR KRR A
A AR K
2T T T
oo deoko Aok
PR
Sk Rk #
EEEE R
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INTERNUCLEAR DISTANCE

AT EQUILIBRIUM

INDEX NO. NUMBER
SPECIFYING SPECIFYING
DIATOMIC SUBROUTINE DAYA LCCATION
TRANSITION USED IN CALC. ON TAPE
N2LBH 2 9
SPECTCGRAPHIC CCASTANTS FROM HERZBERG.
MORSE FRANCK CCADEN FACTORS NBS VOL 65A P 451 1961
THIS TRANSITICN CCMPUTEC IN SUBROUTINE CNE.
LINE NUCLEAR SPIN NUMBER OF REDUCED
ALTERNATICA FCR HOMONUCLEAR ELECTRONIC ATOMIC
FACTCR MCLECULES LEVELS WEIGHT
1.0 1C 7.0038
SPIN QUANTUM NUMBER CF RCTATIONAL ROTATIONAL DISSOCTATION
CCUPLING RESULTANT ELECTRCNIC ANGULAR CONSTANT CONSTANT ENERGY
CCNSTANT MCMENTUM ABCUT INTERAUC. AXIS DEs 1/CM BETA, 1/CM DEZERG, 1/CM
STATE 0.00 1 0.C0CO000E~38 C.0000000E~38 0.00C0000E~38
STATE 0.00 [ 0.0000000E~38 0.00C0000E-38 0.7871000E 05
ELECTRCNIC ELECTRONIC
DECENERACY TERM ENERGY WE WEXE WEYE WEZE BE
STATE 2 6.9250000€ 04 1.65201C0E 03 1,27$100CE Ol -3,4€9000CE-01 0.0000000E-39 1,63700C0E 00
STATE 1 0.0000000E=-35 2.2596100E 03 1.4456000E 01 7.5100000E-03 ~-5.,0900000E~04 2.0100000E 00
1 6.5327000€ 04 €.7C0CCCOE C2 C.CC00000E-39 0.0C00000E-3S C.COO0000E-39 1.46C00C0E CC
2 $.7584000E 04 C.C000000E-39 C.CO00000E-39 0.0C00000E-39 0.0000000€~35 0,0000000E~39
3 $.57700CCE 04 2.18450C0E 03 0,0C00000E-39 C.0C00000€-39 ©.CCO0000€E-39 0.COCO000E~39
& €.9147300€ 04 2.C251000E €3 1,7CB00CCE 01 -2.150000CE 00 0.0000000€-39 1.8259000E 00
2 6.2943000E 04 1.5601CCOE 03 1.150C000E O1 C.0CC0000E-29 0.C000000E-39 0.CC0C000E-39
1 6.CCO0000€ 04 1,5270CCOE 03 1.1500000E 01 0.0000000E-39 0.0000000E~39 1.4800000E 00
€ 5.5626300E 04 1.7241100€ €3 1:44700CCE 01 C.0C00000E-39 C.0000000€~36 1.6380000E 00
3 5.,C2C6000E 04 1.46037COE 03 1.38910C0E 01 -2.5000000E-02 0.0000000E~35S 1.4400000E 00
FRANCK-CCNCCN FACTCR
vv c 1 2 3 4 H 6 7 8
4.31476-C2 1.517CE-Cl 2.4766E=-C1 2.4924E-01 1.7213E-01 8.8079€-02 3.3993E-C2 1.0171E-02 2.3917€-03
1.1623E-C1  1.921S5E~C1 8.0487E-02 4.0177E-04 8.7320E-02 1.8508E-01 1.7516E-01 1.0324E-0l 442495E-02
1.7128E-C1 S.6767E-C2 3.27€CE-(2  1,C744E-01 £,5983E-02 £,5541€-04 €.4505€-02 1.6401E-01 1.6142E~C1
1.8348E-01 1.,2119E-02 7.5543E-C2 6.9313E-02 3.6061E-03 9.5107€E-02 6.5801€-02 1.4814E-04 7.8236TE-02
1.6026E-C1 6.3G14E-03 S.66C9E-02 5.8118E-04 7.7442E-02 3.7353€-02 1.68856-C2 9.6672E-02 3.,6152E-02
1.2140E-C1 4.7C60E-02 4.,6680E-02 2.3622E-02 5.,67C1E-02 8.3644E-03 7,.8822E-C2 7.5121€-03 44.6T48E-02
8.2871E-C2 8.5416E-C2 4.5383E-C3 7.2885E-02 2.7951E-03 6.3473E-02 1.4846E-02 4.0420E-02 5.5021€-02
5,23C4E-C2 S.S714E-02 5.7$59E-C2 S5.6582E-02 1.7174E-02 4.6$38E=-02 1,277%E-C2 5.7309€E-02 1.C399E-03
3.10906-02 9.2157E-C2 3.3721€-C2 1.8257E-02 5.339TE~02 4.2C86E-03 5.4396E~02 4.7475E-03 5.03C9E-02
1.7644E-02 7.34576-C2 6.1C52E-C2 1.3142E-04 5.,4846E-02 9.2341€-03 3,9713E-02 1.58726-02 3.86€6E-02
G EECBE-03 5,28526-02 7.3781E-C2 S.7471E-03 2.7952E-02 3.S179E-02 5.,0804E-03 4.7431E-02 9,4200E~04
£, 1456E-C3 3,5268E-02 7.1626E~C2 2.2C04E-02 4.5490E-03 4.G179E~02 4.$041E-03 3.4460€-02 1.,7415€-02
2 6€37E-C3 2.2297E-C2 6.C437E-02 5.10C9E-02 1,1577€-03 3,2993€-02 2.8601E-02 5.8283E-03 4.1688E~02
1.3780E-02 1.3502E-02 4.€253E-02 5.5538E-02 1.3677E-02 1.CSC5E-02 4.2374E-02 2.32126~03 3.0711E-02
6.6562E=04 71.9172E-03 2.29€2€~C2 5.7572E-02 3.1418E-C2 2.5375€-C4 3.4721E-02 2.0400E€-02 6.6949€-03
1.6254E-C4 4.52G9E-03 2.22¢8E-C2 5.C057E-02 4.4474E-02 4.2788E-03 1.67056-C2 3,5353E-02 7.8834E-04
1.7686E-04 2.5446E-03 1.4443E-02 3.5€684E-02 4.6779E-02 1.6781E-02 3.C392E-03 3,4144E-02 1.2841€-02
HEPEREERNR HRABRFRFEN EEELE RS E L2 EEE SRR L 2 EEEEEE 2 S L2 e o R e ok ok EE2 I L At e e e ook Rk P L LTS
FTETIIIE IS I EE L L2 L b EE I SRS L) R oo A 3ok ok g XA ITITALE LT LA L L L L L gokkkkadok  kkxddtdokkd  Rkkokiokork
EE RSS2 L L L EEEEE SR L EE 2223 L LS Aok A o ok K Rk EE R EE L L 2 PRI R L L 2 RdRRRERAcrE  Rlopkdokkk  kkkbkkRkR
vv 1cC 11 12 12 14 1€ 16 17 18
6.5886E-C5 T.74COE-CE T.192€E~C7 5.2477E-08 2.67CSE-C9 1.2822E-10 4.1106E-12 9.9245E-14 3.3615E-15
2.5684E-C3 S.2658E~C4 T.25C2E-05 7.7577E-06 6.4253E-07 4.C808E-08 1.9606E-09 7,0520E-11 1.8302E-12
2,7178E-C2 1.C&6C3E-C2 2.2534E-C3 3,6286E-04 4.458GE-C5 4.1E14E~06 2.ST40E-07 1.5857€-08 6.2259€-10
1.4306E-C1 7.5175€-02 2.€7153E~-C2 €.8242E-03 1.2847E-03 1.8106E-04 1.9191E-05 1.52506-06 B8.9357€-08
1.0847E-01 1.6260E-01 1.1787E-Cl 5.2C29E-02 1.63196-02 3.5G66E-03 S5.8124E-04 6.9568E-05 6.16G4E-0¢€
7.957¢E-C2 3.S113E-02 1.4016E-C1 1.4685E-01 8.7152E-02 3.2616E-02 8.4426E-03 1.5660E-03 2.11€0E-04
7.8737E-C2 5.1442E-C2 1.6276E-C3 8.7172E-02 1.5686E-C1 1.2213E-01 5.6218€-02 1.7212E-02 3.6717€E-03
1.5376E-02 3.2C$5E-C2 8,3544E-C2 1,1654E-02 3,19526-02 1.3291E-C1 1.4800€-01 B8,.5723E-C2 3.1173€-02
3.1436E-C2 5.3566E-C2 1.C426E-C2  7.3166E-02 4.G4B4E-C2 1.G439E-C3 8.5062€-02 1.5546E~01 1.1640€-01
5,C73SE~C2 1.24€4E=03 6.3C84E-C2 1.2353E-02 3.,4393E-02 7.8477E-C2 7.5768E-03 4.0254E-02 1.4013€~-01
1.8424E-C3 4.5046E-02 1.1514E-C2 2.5S553E-02 4.4981E-C2 3.TTS7E-03 7.61806-02 3.7765E-02 7.2487E-03
2.2571E-C2 2.6S82E-C2 1.8394E-CZ 4.C959E-02 5,259GE-C3 6,1266E-02 4.7026E-C3 4.6677E-02 6.8721E-02
4.2220E-C2 5.4143E-C4 4.5667E-02 6.3378E~05 5.0482E-02 3.2684E-03 4.61306-C2 3.0377E-02 1.3521€-02
1.63776-02 2.8¢47€-C2 1.C683E-C2 3.3C26E-02 1.295€6E-C2 3.054TE-02 2.6337E-02 1.6466E-02 5.4613E-02
1.3572E-04 3.62556-C2 4.5241E-C3 3,35C5E-02 7.7462E-03 3.6321£-02 5.5526E-03 4.6588E-02 2.0058E-04
1.66€63E-02 1.1055E-C2 3.C41€E-C2 2.8417E-03 2,6B95E-0? $.0Cl4E-04 4.C821E-02 1.7892E-03 4,2017€~02
2,25186-C2 3.94€1€E-C4 3,0054E-02 €.7€E5E-03 2.1658€-02 1.7875€6-02 1.72S3E-02 2.2493E-02 1.38G5€-02
SRFEFFHAAR EE 2 A2 LS L 2 PRS2 LS 2 Lk ek e e e e X kK ook Rk xRk & ek odok ek HRERREEXEE ok kodok ko Kk ook ok ok k¥
SHESREEER EEE R L 2L ) EE TS L L) e e o e ok B K K LTSRS 2 2 Ak kkekRE E2E P2 L3S 2 Aok ook EEE L EE L L L]
*EFFEBEETER EEZ S22 LR L L RpFABEEEEE e o e o o e e e ok A EEE L L8 A EEES LTS L2 EE3 2 2222 2 2 Aok ook ok kK ok & Aok ok ok ok ok

POSITICN, CM

€.1213000€-07
C.1C€94000E-07

ALPHA E

2.2400000E-02
1.8700000€~02
0.0CCO000E~39
0.0000000E~39
0.0000000E~39
1.9700000E-02
0,0000000E-3¢
1.5000000E-02
1.8400C00E-02
1.3000000€E~02

S

4.4526E-04
1.2B94E-02
944062E-02
1,6324E-01
9,1675€-03
8.5363E-02
2.0104E~03
6.7550F-02
1.,7512E-02
1.1728F~02
4,9335E-02
2.5184E-02
2.1007€-05
1.7579E~C2
3.6796E-02
2.8085€-02
7.8066E-03
e e kol ok
ke ook ook o
s ok oKk ok
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3.0101E-17
2.3676E-14
1.7511€E-11
3,.8880E-09
4,0236E-07
2.,0924E-05
5.6045E-04
T7.6735€-03
5.0917E-02
1.4178€-01
1,0525E-01
1.1699€-03
T.5458€-02
8.,1207€-07
5.6134E-02
S,5126€E-03
2.,0646E-02
o e e ok ok R K
ARtk kR
Wk kkkkk



UPPER
LCWER

UPPER
LCWER

MO NOMPWN-OC

DNV PWNRO <

LINE

ALTERNATICN
FACTGR

SPIN QUANTUNM NUMBER CF
CCUPLING RESULTANT ELECTRCNIC ANGULAR
CCASTARNT MCMENTUM ABCUT INTERAULC. AXIS
STATE 0.00 1
STATE 124.20 1
ELECTRCAIC ELECTRCNIC
DEGENERACY TERM ENERGY WE
STATE 4 4.5922400E 04 1.C2768C0E 03
STATE 4 6.055C00CE 01 1.9C38550E 03
2 6.C628500E 04 2.37360CCE C3
2 5.3C83000E 04 2.3270000€ 03
2 5.2148000E 04 2.34700C0E 03
2 4+3565700E 04 2.3271300CE 03
vv c 1 2 32
FXRRBXHRRE LR dkKEEE ) ,0000E~C2 5.0CCOE-03
da940k%%%  1,0000E-03 6.C0C0E-C3 2.40C0E-02
Pr3beexhid 4,0000E-02 1.80C0E-C2 4.8CCOE-C2
1.CCCOE~C2 9.0000E-03 3.8000E-02 7.60C0E-02
2,0000E-C2 1.7CCOE-C2 5.4CCCE-C2 7.6CCOE-02
5.C000E-03 2,20C0E~C2 6.5000E~02 5,70C0E~02
1.,1C00E-02 4.40C0E~C2 7.CCCOE-C2 3,20C0E-02
1.7C00E-02 5.9000E-02 5.,20C0E~C2 7.0CCOE~03
202C00E~02 S5.8C00E-02 3,6CCOE=C2  #*sdddsuns
2,9000E-C2 6.,CC000E~-C2 1.9CO00E-C2 1.4CC0E-02
3.20600E-C2 S.7CCOE-C2 8.0CCOE-C3 2.CCCOE-02
4+1000E-C2 4.€0C0E~-02 1.00C0E-C3 3,1000E-02
5.,1000E~-02 3.4000E-C2 3.,00C0E-C3 3,80C0E-02
AREFDRERD  ARARREAAORE KGRI B AR AEFF ARG Rk
FERRAHREED  BRIDRRRKEE HRARIRORRA D R ER KRS
RARFFEERRE HRFBREERKE AERRREERD AR RFFEKE AR
RABEARRERS  ORRBRERAED RHFRRREAEE HRAOR KA KK
BRAEERRRRE  XFNRERIEE R EDIRERA D AR IRk
R e P P P T T T T
RERRAFLREE BdREREARKE RkARRRRERR Aok AR K AR
vv 1c 11 12 12
1.5200E~01 1.1400E~-01 7.€CCOE-C2 3,3CCOE-02
2.1000E-C2 7.4000E-C2 1.2600E~C1 1.39CO0E-Q1
€42C0CE-C2 4.,1CCCE-C2 **%d%xx%k% 1,E8CCCE~C2
1.CCOCE~C3 2.4000E-C2 7.2000E~C2 5,4000E-02
2.6000E~C2 5.4CCCE-C2 1.2CCO0E~CZ 1.7CCOE-02
3.7000E-02 1.8000E-C2 2.5000E-C2 5,2CCOE-02
1.C000E-02 2,5000E-C2 4.3CCOE-C2 2.0CCOE-03
2.2000E~02 4.00CO0E-02 2.0000E-C3 2,8(CCCE-O2
3.,5CCCE~C2 2.0000€-C3 1.7CCO0E-02 2.7CGOE-C2
1.8GCO0E-G2 8.0CCOE-C3 3,.40CCE~C2 2.0CCCE-03
#RADEIERKX 2,40C0E-C2 1.4000€-C2Z 1.4C00E-02
8.C000E~C2  2.€6CCCE-C2 #e¥exdxsxx 23,2C00€E-02
2.6G00E-02 1.,0000E-C3 1.20C0€~C2 7,0CCOE-03
FRRALIHEAD RRFRRRAE AR BREREE  EARS A RRRR
FAABABBRLE FRFERERKEE AR AEERAE  ERKEDERRRR
FEBRBRREEN A FRRIAES ARRREREEAT AR KR
AEBRARREIF  REEPREEARE RTREVREEEE kKRR EKREA
FRAEFREEER FIABEAAEAR ARRERRRRRS R EERRORAR
FhrhkReRsd  EfdobkkEERE  AoRRbRRERRd  dkRRRERKEE

BARERRRHARD

RS LS 2L 2]

HEEFEREERD

DIATOMIC
TRANSITION
NC B

NUCLEAR SPIN
FCR HOMONUCLEAR
MCLECULES

0.0

LR E R EL Y 2]

INDEX NO. NUMBER
SPECIFYING SPECIFYING
SUBROUTINE DATA LOCATICN
USED IN CALC. ON TAPE

SPECTCGRAPHIC CCASTANTS FROM HERZBERG,
AVERAGE VALUES FCR PI 1/2 AND PI 3/2 USED IN APPRCPRIATE PLACES.

RKR FRANCK-CONCCN FACTCRS JQSRT VOL 4 P271 UPPER VALUE IN ARRAY USEC
THIS TRANSITICN CCMPUTEC IN SUBRCUTINE ZERQO.

NUFBER OF

ELECTRCNIC

LEVELS

ROTATIONAL
CONSTANT
CEy 1/CM

C.00CC000E-3¢
0.0000000E~38

[

ROTATICNAL
CONSTANT
BETA, 1/CM

C.CO0C0000E~-38
€.0000000E-38

REDUCED
ATCMIC
WEIGHY

7.4688

DISSOCTATION
ENERGY
DEZERG, 1/CM
0.0000000€~-28
0.5240000€ 05

TNTERNUCLEAR DISTANCE

AT EQUILIBRIUM
PCSITION, C¥

C.1416500E-07
0.1150800E-07

WEXE

7.6C20000€ 0QC
1.3970000E 01
1.58500CCE 01
2.3C00000E 01
0.0C00000€E-39
1.448000CE 01

WEYE

$+6700000E~02
~142000000E~-C3
0.0CCO0000E~3S
0.0CCO000E~-35
C.0C00000E-39
~2.8000000E~-01

WEZE

0.0000000€E-39
0.0000000E-39
C.C000000E-39
0.0000000E~-39
0.C000000E-36
0.0000000E-39

8E

1.127000CE CO
1.7046000€ 00
1.98630C0E 00
1.99170C0€E 0O
1.$5500C0€E 00
1.99520C0E 00

FRANCK=~CCNOON FACTCR
4 € 6 7 8
1.7000E-02 4.1C00E-02 8.2000F-02 1.2500E-01 1.63C0E-01
5.1000E-02 9.7C00E-02 1.1700€-C1 B8.8000E-02 2.9000E~02
8.5000E-02 9.20C0E~02 4,7000E-C2 2.0000E~03 2,1000E-C2
8.40C0E-02 3.8000E-02 *#*#%t%x%% 3,3000E~02 6,8000E-02
4.3000E-02 1.0000E~-03 3,00006~02 6.0C00E~02 2.10C0€-02
6.0000E~C3 1,2C00E-02 5.3000E-02 2.4000E-02 4,00006-03
1.0000E~03 3,8C00E-C2 3,5000E-02 #xkasxskkx 3,10006-02
2.4000E-02 4.6000€-02 5,0000€-03 2.3000E-02 2,60C0E-02
3.4000E-02 2,7CONE-02 2.CCO0E-03 3.8000F=02 1.40CO0E-02
4.2000E-02 6.,0000E-03 1,8000€E~C2 3,1C00E~02 *&xksddokksk
3,4000E-02 wdddgokdsrk  3,2000E-02 1.0000E~02 1,4000E-02
2,0000E-02 5.C000€-03 2,1000F~C2 *&xstkdkk® 2,8000E~-N2
1.0000E-03 2,60C0E-02 1.1000£-02 1.3000€-02 2.0000E-02
ARARRARORRR  dkfokk R Rk RAkkkARRs  fkkiokkkikd  khdkkkikkX
Frokketkdh  wERRkkERE  desRtelokRdd  kiRfkdokkk  dkdokokiokokok
Bk kAR ARk Rk R RRokdokRRok AR kRS kKRR KR
REGARARRRE Rk RRERR  RkkkERRAkER  Afokdokiokkokdk okl
ERAERRRORBE  RREIRAE A AR RRERORERE  obRkkkokkkk  RdkskkdokokkE
FREEFAAAKE Aok ok RRREE AR ERER  RkkRRkGRd AR RER ARk
AREARBRRAE kKRR A AR SRARRORRE R RhdARRkRRE KRR RARE
14 18 16 17 18

1.600CE-02 7.COCOE-03 2,0000E~-03 skssskhkk AbhdAshhdk
1.0500E-01 6.8000£~02 2.8000E-02 1.2000E-02 4.0000E-03
8.20CCE-C2 1.,26CO0E-01 1.2400E-C1 7.7CO0E-02 5,00C0E-02
9.000CE=-03 1.3000E-02 8.6000E-C2 1.3400E-01 1.1500E~01
6.600CE-02 5.6000E~02 S5.0000E-G3 2.SC00E-02 7.7CCOE-02
1.4CC0E~C2 1.0CCOE-02 6.3000E-02 5,0000E-02 3,0000E-03
1.8000E-02 5.0C00E-02 6.CO00E-03 1.8C00E-02 6,20C0E-02
3.4000E~02 d#xdxdddsx  3,10006-C2 4,2000E-02 1.00C0E-03
Frgbahhgks  3,30006-02 2.2000E~C2  k&drdkkkks 3,50C006-02
2.1000€-02 2,0000E-02 #¥3#xksxdkx  3,2000E-02 2.20C0F-02
2. 7CCOE-C2  #*¥k#xktredk 2 ,7000E-02 1.4000E-02 3,0000E-03
8.,C000E-03 1.8000€6-02 2.2000E-C2 2.0CCOFE-C3 2,S000E-02
8.C0CCE-03 2.,2C00E-C2 1.0000E-03 2,1000E~02 5,00C0E-03
FEdhtadobk AR RRRIE SRR AREER  RRkRRRkREE  RRRKRREKKE
BARRRRRBRE  RARERRER R FRRRR ARk ook iRtk SRRk &
e e I I T L R L L L L LT
BRBHCERERE AR AEERRE SRRk AR kdkkkkkmggk  REARRERRkE
FREKKAREEE  RFRRRREREE Rk RRKAE Rk hERdokkk KRRk bRkAER
BEERE AR E RRRRRRR AR BERRAAERE  ORRERRREEE ARk R kRRR

ok ok kAR Ak

EA LRSS LT

LEEE R L2 22 20

Aok ol ook

EEEEE LSS L L]

ALPHA E

1.5250000E-02
1.7800000E~02
1.,82000C0E-02
0.0000000€~39
0.0000000E-39
1.6400000E-02

9

1.6700E-01
ARk R K
7.3000€-02
442000E-02
3.0000£E~-03
4 ,6000E~-02
3.4000£8-C2
1.0000E-03
1.30C0E~02
3.0000F~02
2.7000E-02
9.0000€-03
3.C0000E-03
R Ak
Aol ok Ok Ko
ook e e
sl AR ok
A AR AR K
ot o od Ao 4
AR AN

19

Aok ek AR
1.0000£=-03
1.00C0€-C2
6.9000E~02
1.2900€E-01
3.,0000E-02
4,0000€-02
3.8CCOE~G2
2.2N00€E~C2
8,0000€£-03
4.1000E-02
6.0000E-03
2.2000F-02
LT T T Y
Skt fok ARk
e g dododokok ok
EL T T TS
PR
Y
kR R KK

91



UPPER
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UPPER
LCHER
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INDEX NO. NUMBER
SPECIFYING SPECIFYING
CIATOMIC SUBROUTINE DATA LGCATION
TRANSITION USEB IN CALC. ON TAPE
NO G 3 11

SPECTCGRAPHIC CCASTANTS FRCM HERZIBERG

AVERAGE VALUES CF PI 1/2 AND PI 3/2 IN APPRCPRIATE PLACES.
RKR FRANCK CGNCCN FACTGRS JQSRT VOL 4 P271 1964

THIS TRANSITICA CCMPUTEC IN SUBROUTINE s2 PI2

LINE NUCLEAR SPIN NUMBER OF REDUCED
ALTERNATICN FCR HOMCNUCLEAR ELECTRCNIC ATOMIC
FACTCR MGLECULES LEVELS WEIGHTY
0.0 € 7.4688
SPIN GQUANTUFM NUMBER CF RCTATIGNAL ROTATICNAL DISSCCTATION INTERNUCLEAR DISTANCE
COUPLING RESULTANT ELECTRCNIC ANGULAR CONSTANT CONSTANT ENERGY AT EQUILIBRIUM
CCANSTANY MCMENTUM ABCUT INTERNUC. AXIS DEy 1/CM BETA, 1/CM DEZERG, 1/CM PCSITION, CM
STATE C.00 C €.0000000€-38 €,0000000€E-38 C.00C0000E~38 0.1€637C0E-07
STATE 124.20 1 0.0000000E~38 0.,0000000E~38 0.5240000€ 05 0.1150800E-07
ELECTRCNIC ELECTRONIC
DEGENERACY TERM ENERGY WE WEXE WEYE WEZE BE ALPHA €
STATE 2 4.3965T00E 04 2.27130CCE 03 1.448000CE Ol -2.8C00000E~C1 0.COO0000E-39 1.9952000E 00 1.6400000E-02
STATE 4 6.C55000CE 01 1.5C38550E 03 1.3970000E 01 -1.2000000E~03 0.0000000€~39 1,7046000E 00 1.7800000E~02
2 6.C628500E 04 2.37360CCE 03 1,58500CCE C1 0.00C0000E~39 0.CO00000E-3S 1.5863GCOE 00 1.82C00C0E~-02
2 5.3083000E 04 2.3270000€ 03 2.3000000¢ 01 C.0C00000E-39 0,0000000E-39 1.9917000€ 00 0.,0000000E-39
2 5.2148000E 04 2.34700C0€ 03 0.0000000E-39 0.0CCO000E-39 C.0000000E~39 1.95500C0€ 00 0.0000000E~39
4 4.5932400E 04 1.C3768C0E 03 7.6C30000E 00 5.67C0000E-02 0.0000000E-39 1,127000CE 00 1.5250000€-02
FRANCK-CCNCON FACTCR
vv c 1 2 3 4 £ 6 7 8 9
2.27C0E-C1 3.0500E-01 2.1BC0E-C1 1.33C0E-01 6.5000£-02 2.8000E-02 1.0C00E-C2 3,0000€-03 2.00COE-03 1.00COE-03
3,67006-01 5.6CCOE-02 2.40C0E-C2 1.3300E~-01 1.6000E-01 1,2600€-01 7.0000€-02 3,4000E-02 1,3000€-02 6.0000E-03
2.75C0E-C1 8.7CCOE-02 1.€9CCE-C1l 1,5C00E-02 2.0CC0E-C2 S.2CCO0E~02 1.2500E-01 1.06006-01 6.10C0E-02 2.80COE-C2
S.9000€-02 2.7400£-C1 1.CO000E-C3 1.1200E-01 9.4000E~02 #*%dkxats 2,6000€-02 8.5000E-02 1.0100E-01 8,3000€-02
Z.€0C0E-C2 1.93C0E-C1 1.74C0E-C1 5.3CCOE-02 2,0000E~02 1.0SCOE-01 5.6000E~02 *xmkkkkakk 3,10006-02 8,3000€-02
5.CC00E-03 7.7000E-02 2.7000€E-01 4.8CCOE-02 1.2700E-01 #*##*s4xx%  6,2000E-02 8.2000E=02 2,1000€-02  ¥xkskdirxk
2.0C00E-C3 1.GCO0E-02 1.0500E-01 2.34C0E-CL 6.00006-03 1,2700€-01 2.2000E-02 2.6000€-02 9.,2000€6-02 3,6000€~02
sxessserks  1,0000E-03 3,0000E-CZ 1.92C0E-01 1.4900E-01 1.80006-02 4.9000E-02 7T.7000E-02 5.0000E-03 5.5000€-02
t%diasiass  wbtsbrss  3,0000E-C3 6.C0COE-02 2.210CE-01 5,2000€-02 9.3000€-02 2.5000€E-02 9.2000€-02 1.8000E-02
PheEoEERE  ARE¥ABRKER  TARkmRkess  1,60C0E-02  1.10C0E-C1 2.3000E-01 6.0000€~-03 1.0600€-01 3,0000€-03 7.5000€E-02
spdskeihs  Swhsois  Rkesboiiss  3,00C0E-03  2.4000€-C2 1.3600E-01 1.7900€E-01 2.0000€-03 9.,9000E-02 1.,6000E~02
SARRAeReAR  SREBRkRd  RARREERREF  ARSIHREEXE 4,0000E-03 '6.10006-02 1.8600E-01 1.2300€-01 2.60C0E~C2 8,0000€-02
CpeRRARES  BRAARAEREE  KRRAERGORE  dEaxchiork 1,0000E-03 1.30006-02 $.3000E-02 2.0400E-01 6.,2000E-02 6,9000€-02
D I T T 1 Tt L L L A T L R L L L b b st
B e T T T T T T T T I L L el b kbl A e = T Tt e b
PO e T TT P T T LR L Lt bbb D T L T E i
PO T T T T T DL L L b b FadskaAes  RESRAALERE  REKAKRREAE  SRRRRRRRAE ERET 2L L L
D I T T T T T T L L e b B e L L I L e b
e T T T T T LI L L LS L bt e P T e T T T T T T I LT L C L L L bkl ook KR KA KK
ShasaaAAd  AREobRRkREE  RARREREhR  RRKEREREEE  RRREERREES B L LB T2 L 2 L L L L kbt b KAk kR
vv 10 11 12 13 14 18 16 17 18 19
PRI T T T T T T LI L e e e T T TR L P L L L b bbb Aok R R Ak
3,0000E-03 1,0000E-03 ##wiokidkkk kkshkkkihs Pt T T IR T I L L L S e kbbb L L ook ook koK
1.40006-C2 1.00COE-C3 4.00CQE-C3 2.00C0E-C3 1.0000E-03 *tdassits ebikiiass ARARRARARR  AEERAARRRE  RRRREKAEEE
6.CCO0E-02 2.3000E-C2 1.4CCOE-02 7.00C0E-03 3.0000E-03 1,0000E-03 #&fkbioksk dokkkdhikss sopgorkRdiok kR Rk
8.S000E-C2 6.7000E-C2 4+C0C0E-C2 3.20C0E-02 1.4000E-02 7.0000€-03 5.0000E-03 1.0000E~03 *¥sdkmidohr kxidiikss
2.5C00E-C2 7.1C00E-02 7.5000E-02 5.S0C0E-02 3.8000E-02 2.4000E-02 1.1000E-02 7.0000£-03 1.0000E=-03 Sakkssrink
tsssssssss  1.7000E-C2 6.5000E-C2 7.4CCOE-02 6.5000E-02 5,6000E-02 3,2000E-02 1.8000E-02 6.0000E-03 2,0000£-03
6.8C00E-02 3.00C0E-Q2 ##*#txkrsx 2,00C0€-02 6.1000E-C2 7.1000E-02 5.4000E-02 4.4000E-02 2.8000E-02 2,40C0E-02
1.1000E-02 5.S000E-C2 1.7CQ0E-02 4.1CCOE-02 2.1000E-02 1.3000E-02 5.2000€-02 6.20008=02 5.,6000E-02 3.4000E-02
2,.4000E-02 3.0000E-03 4.l0CO0E-02 5,30C0E-02 2.0000€-02 8.0000E-03 4,0000E-03 3.4000E-02 5.40C0E-02 5+.3000E-02
5.30006-02 6.300CE-02 2.0000E-03 1.4C00E-02 5,0000E-02 3.4C00E-02 1,2000€-02 wkassakkes  2,50C0E~02 4.6000E-02
.50C0E-C2 2.4000E~C2 6.5CC0E-C2 2.2CCOE-02 9.0000E-03 3.5000E-02 4.8000E-02 1.7000E-02 wk&sdsxkrk 1,00C0E-02
4.5000E-02 5.5000E-02 2.0000E-03 5.4CCOE-02 2.9000E-02 3.0000E-03 1.4000E-02 3.20006-02 2.4000E-02 1.3000€-02
S RERRRs  hRRREEdk  ARERRRAE  RRRRRRSERE  AXiRfasdsd D T L I s Lt i L L L L bbbl kR AR Ak
SersEbhsad  AERRRRkEER  RRREAKEREE RRRRREERiE  ARERRERER P T TE L L L L L I Lk bbb ER LSS L
FEREFERREE  FRRSRARRAT  AEKBEEAEIE AR RRARRS SRASERERRA  APRREERRER  EREEEEERER  REREEERERK ARRRERERER  AERRRERREFR
erttat Ak EESRRASAEE  RRERRRERAS  BERRERRERE  RERREEEAEE AREEEXIRER * * LI L] £ RRRRRKEERE
SEARAASRIA  AFEEREREES  REAFRRREAE ARARREEREE AERERRIRAX P e T L B T T L1 L L L L S bbb bt RARRARAEAE
PODOSRSE I T T T T T L E L WL CL LAt L SR Lk bbbt PO T TR T L L LI bbbt PRI st
espthtdtE  AwEbdkagd kArdkRssd  ARRskmRier RRRbdhlex B T I T L L L B L L bbb sk ook ok



UPPER
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UPPER
LOWER

o o s e s P b s b
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INDEX NO.

SPECIFYING
DIATOMIC SUBROUTINE
TRANSITION USED IN CALC.
CoasDI 2

NUMBER.
SPECIFYING
DATA LCCATION
CN TAPE

12

COASDI STANDS FOR CO ASUNCI BANDS.
SPECTCGRAPHIC CCANSTANTS FROM HERZBERG.

MORSE FRANCK-CCADCN FACTORS BY JARMAIN,
ASTROPHYS J 122456,

(16551}

FRASER,

THIS TRANSITICN CCMPUTEC IN SUBROUTINE CNE.

AND NICHCLLS

LINE NUCLEAR SPIN NUMBER OF REDUCED
ALTERNATICN FCR HOMONUCLEAR ELECTRONIC ATOMIC
FACTCR MCLECULES LEVELS HWEIGHT
0.0 12 6.8584
SPIN QUANTUM NUMBER OF ROTATIONAL ROTATIONAL DISSCCIATIOA INTERNUCLEAR DISTANCE
CCUPLING RESULTANT ELECTRCNIC ANGULAR CONSTANT CONSTANT ENERGY AT EQUILIBRIUM
CCNSTANT MOMENTUN ABCUT INTERNUC. AXIS DEy 1/CM BETA, 1/CWM DEZFRO, 1/CM POSITICON, CM
STATE Cc.00 [ 0.0000000E-38 C.0000000E-38 €.00C0000E~-38 0.135900CE-07
STATE 0.00 1 0.0000000E~38 (0.0000000E~38 0.0000000E-38 €.1209300E~07
ELECTRCNIC ELECTRONIC
CECENERACY TERM ENERGY WE WEXE WEYE WEZE BE ALPHA E
STATE 2 5+.56C1CCCE 04 1.2180000E 03 6.5C00000E 00 €,0CO00000E-35 (©.0C00000E-3S 1.33100C0E 00 1,6000000E~02
STATE 6 4.8687550E 04 1.7392500€ 03 1.447000CE 01 0.0C00000E-39 0.0000000E-39 1,6810000E 00 1,9300000E-02
2 5+$805000E C4 2.1120000E 03 1,9800000€ 02 C.CCO0000E-35 C.CCCOO00E-39 0.0000000€-3S C,.0NN000000E-39
3 9.31578CCE 04 (.CCO00C0E-39 0.0000000E-39 ©.0C00000E~39 0.0000000E~39 1.95630C0E 00 0.,0000000€-39
1 $+2928000E 04 Z.1240000E €3 0,CC00000€E-39 C.0CCO000E-39 0.0000000€-39 0.0000000E~39 0,0000000€~39
1 G+192€60C0E C4 2.1230000€ 03 0.CC00000E~39 0.CO000000E-39 C.CCOO000E-39 1,9422000E 00 0.N000000E-39
3 $+C973000E 04 C.CCOO0Q0E-39 -C.CCO0000E-39% ~0.0C00000E~39 -0,0000000E-3S -0.0000000E-39 -0,0000000E~29
1 8.6948000E 04 2.08207COE 03 0,CCO00000E-39 C.CCO00C0E-39 0.0CCO0000E-39 1,9610000E 00 2.7000000E~02
3 8.38C4000€ 04 2.1$800CCE 03 C.0CO0000E-39 0.0CCO000€E-39 O0.O0000000E-3S 2,07500CCE 00 3.3000000E-02
2 6.50748CCE 04 1.515€1C0€ 03 1.7250500E 01 0.0C00000E-39 0.00CO0000E-39 1.61160C0E 00 2,22900C0E-02
€ 6,2299400E 04 1.1377GC0E 03 7.6240000E 00 -1.1250000€-01 0.0000000E-39 1,2615000E 00 1,7000C00E-02
1 C.CCCO000E-3S 2.17021C0E 03 1.3461CCCE 01 3,CR00000E~02 ©.0000000E-3S 1.93139C0E 00 1.74BS0C0E-02
FRANCK-CONEGON FACTCR
vv c 1 2 3 4 £ 6 7 8 9
3¢7000E~C2 1.430CE~Cl 2.42C0E~Cl kkddgisd dofokkkadaky  #8xdhsdddor  #RkRRR3%%2%  shddioriobkk  dolbdkks  akdokkgordoks
1.0200E-01 1.9500E-01 O9.T70COE=02 kddddkddcak ookkokiobsk  fobkdgkkdd  kfokfkkrdk  fxddorkkxkkx &k Ak
1,62CCE-C1 1.,0SCOE-01 #ktddhtokds Rt Adkatdtdd  SRARAXA43% R4 A%RAIS  dokddoiokkkdk  kdkddddktd  dokdhdrdrts
1.81C0E-C1 1.9000E-02 5.,00C0E=-02 #¥tddioliork okdkgkis  fkfokkkikkk ok ddddordd  Kdkkdofohhd  fokkdhiokrk ke fkrriofior
1,6500E-C1 3.00C0E-03 5,S0CCE=-C2 #akdakkdokd  Shpofobddobdk  kdoradkdgddk Sxsdddtshs  Thdfhsmrsr  Akkfofforkds  kdkhrerik
1.25C0E=-C1l 3.90C0E-C2 6.70C0E-02 ddktdidrkk phdbddbkdt  keaddkdshd  shdhrtkirnr kbksfofmiol  dolhiolfmoornk  sokkklokkik
Se10CCE~02 B8.1CCO0E~02 2.40C0E~C2 #ddtdoptkdk toobbdddhid  kiddnksdns  fobsdobiobbs  foolobfoddkofold  fobkkokkokkd ok dokkokok ok
5.S0C0E=C2 1.02C0E=Cl 1.00CO0E-C3 ckkdddkdodr dddkkkdiork  fpbkddn  folbdtdd  pfffforfs  Relxdorsfrk  tohkkdktidd
3.6000E-C2 S$.S0CO0E=02 5.,00C0E-C3 kdddmoksadk  dfolktoktsdk  soopbkdkik  faokffddfkk  fofidofiolkh  Solfokkas  ookfolrsorxsk
2.1000€-C2 B8.20C0E=C2 2.30CCE=C2  d¥addiorinsg dppioiphdds  Sddddkdfsr  FXFXRERAKK  RAKERKPRKAE KK ERRREIR kAR RoRR K
1.6CCCE=C2 £44000E=~C2 4.10COE=C2 ##sktiiokir dofokkddoddx  dokgdokddits bbb fdedsd ool kdoofolokk s sk dbkoldk
1.20C0E=C2 5,0000E-02 5,20C0E-02 édorddsirs dddookidolfk  fksdokdhr  ddokdiorioni s fobkfiooiiokd  fobfldforkk  goopdomksoriok
7+0000E=-C3 3,80C0E~-C2 S.50CCE-C2 #kkdddkaik #hiobhdpddt  Hodddkddsor  dohkdddhkss  forpdiolkgdor  fokdohkionks  kddskdhss
FRpddobk AR ARk oRddokiobd  bkkbdorsss  okgoliolordk foRior kbRl Rk RoRkRoKE R ROE ROk Aok R doklok R gk
ARBEBERAES RRRREFXREE RRb ok kbR d  kedoliokkkt kgt dopookokmokoks doktololoiiol gk Rk Rk RS dokRkoR Rk %
FEIFERBBIN FEFVHRRAES  FARAARRRF Adobdokkkdk okokdokERdE  RERRoRdlolk BRFARRRES  Rfkkkkfokkk SRRkt KRk EAKERKk
HEBREBRANA BRRAREARKF  RERREREEEE BREREEREAR kR kKRR RERE SRR REEREE AR RERRRKER  RRRKASERKE  wAkkS Rk kk
FERRR kR Pokdkokikd ook kolkdokkkd kol RRokR R RokRooR R obfolloobiolor okl kiRl ok o doR Aok
FROHBAKFER  FFXBEXAABR ARRRRRREE R Ftobkdok  dookdigkokdd dEobadRdkgk  dkddkdkokEd  kkkkdokkdokk  fodddollokkd Rk Rk kKK
HARREAEREE ARRRRARRER FEFERERRRD BAERPIRR AR R AR RRRAEBIBRE AR AEEREE  RORERREREK  Fhkkdkokkak  RRkokkkkookE
vV ic 11 12 12 14 1% 1é 17 18 19
R I e L L I I L T L T T I T T I T2 T T T
RAFBERRAES  ERRAEARAEE FORRRRRIRER AR Aekokokk RRkkkkRRad  Sdddkkdkkk  ddokdokdlokdk  kkkkdokkkkl  XEkkbRkEER kR kakksk
ARBREEAREA  RXEEREEEKE R RRFARERIR SRS ABRERE SkphhpAphk  RAFFRARDR SRARRRRERE  Axpwketolok  RSRobdoloRs sk kR kRR
TEFBAAFRES AEREREEE okrdobllobdd bRk dtokE  dRkkgRdlokk  fokdook ik RESRRRXE AR RRKERkirR  RRkRdioRdor ook dokdor
ARRFHRERRER BRFFFRRRER ARRRRREAE RRdoRRokNEk R RRRRRRER  dokRkkkkkk  RRRRRARESS  RkEAERERER  AkEkAdokkd ARk ksRREK
AEBHREEERE RRRSHEREEE AR RRRRRR KRR REkRRr  okhdadkks  FRiollRkEs kR fkRsfokdd  Rkdkdkdokkr  kRdokiolokdor  dolofolodokkookd
BEABBBEERR FEFEREEEES AR EARE FRRERERoRk kAR RRRRE AR FRERE RRRRERkE R ARkERkkkkE  kdfkdfolokfor Aok
LR N L s N L L L T R T T LT T T R e T T T T e P ST T T
FEABRBERED  hEEFAKREE  REBRIFRAFE Aok RRRAEE R RdE ARk ER AEEskEkkk Ak AARIKEEE  AkkkkkkkkE  chkkdkkgkk KR AkKKkk
AAAREREAEF  REAFESEREE XA RREERF BXEBRO0KER RRFEERRRRE RRRKEREREEE KRR ESE ARKFRRREEE  ARFRERERKE Rk hokdokkd
BARRRERRRy  ARRRERkRdk  RERRIRRRRR ORRERRRORRE  okkkkRok Ak RRkRERRk AR RERRS ARk REE  AKAKERERAE AR RKEEEEEE
BEABRBRBAE  ARKRRRRRAR KBRS EEXESF  pkgkokk RedRRkb R wkkkkadkek  Bpdkkdkird  dokkfolokiokkr obkiokkEkkd  kRkkkRkkkEk
FRREERRERD  ACROCBORORROR KRl kokdokai ek kRkkrdokrdor  doklolokiobkdok liofobiobfololod soktoefekdiorg g dokkkkdoriok doRdoiokRkolok g
BRARKSRRRR kR ARAKEE  mdddbbkbdd  mRRddkRord  fkkddkssdk  kkkiokRFRE pEEkkdkkEd  fokkoobRik  FhkkdddkEd  AsredkRil
SABRARARRE  FRRILRARER  KFREEEARE  Rkgordokkdokk  AkAkRdREet  AxedERIHEE AhddolobokRg Rrkskhflord  kddolobolokkk  RRokREREEE
FE2EFBEBRS dbkdolkloR bobklrgky bEdidloRt Rk ERdrk  fktokiokdded  bRstakdd  ddokfkkkiokk  RRkkkkikkk  kmRkkRiokk
$2 R HRAIRD ddokdEdokkEd  REkSkkdokdobk  dokokAdkkdkk  RERMRSRRAt AR RERARE LIS RReREE dkkfokkdokkd  RRoRkRRkRREk  ERRORRRRER
pRAtksEEED  ddbfbfokd  foolkbkRRtk ARk dhkadfkkdk  RohdokfombkRk  RkRRRkoksd  RREfkkkEik  wEkkioakkds  dokiooiokidok
FEREERESEE  PdkbaAdkkd  doRRRARRRARR  RRRERffRdE  BRIRRRRNR  RRkRRedR gk tdclokdokkaRd  EEERETAER  REREpRkmkks  sokdokrkkdk
FRABHERBEE  BRARRRERE ARARRRRRRD RRkREAkkkk  ddokkRRdEd  RERbRR AR SRddtolickd  fRdkkkdor  fobkfokklolkd dobdokkkdddok
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UPPER
LCHER

UPPER
LCWER

BN MPWRNEFOC

VOO MSWNNHOC

LINE

ALTERNATICN
FACTOR

SPIN QUANTUM NUMBER CF
CCUPLING RESULTANT ELECTRCNIC ANGULAR
CCASTANT MCMENTUM ABCUT INTERNUC. AXIS
STATE C¢.00 1
STATE 0.00 c
ELECTRCNIC ELECTRONIC
DECENERACY TERM ENERGY WE
STATE 2 8.291C0CCE G3 1.6CB3500E 03
STATE 1 0.00C0000E~39 1.8547100€ 03
1 5.5024600€ 04 1.£715000E 03
1 4,3240230E 04 1.82957C0E 03
€ 4.C75€65CE 04 1.1C065600E 03
2 3,426190CE 04 1.€C91000E 03
6 2.,002250CE 04 1.7882200E 03
3 1.3312100E 04 1.5616000E 03
3 6.4342700€ 03 1,47045CCE C3
€ 7.1624000€E 02 1.64135COE 03
vV c 1 2 3
4,1570E-C1 3.9700€E-Cl 1.53€60€~01 3.,02C0E-02
3,3580E-C1 7.2000E-C3 2.$4S0E-C1 2.6170E-01
1.5610E-01 1.7800E-C1 5.3CCOE-C2 1,22€0E-01
5,8500E-02 1.9520E~Cl 3.5200E-C2 1.4430€-01
2.01C0E-02 1.21¢0E-01 1,3570E-C1 1.0CCOE-03
6.800CE~03 6.0200E-02 1.4290€-01 5.72C0E~02
2.3000€E-C3 +5¢00E~C2 9.,56CCE-C2 1.1860E~-01
8.,00C0E-04 1.0000E-02 5,12C0E-02 1,1350E-01
3.0C00E-C4 3,60C0E-C3 2.32500E-C2 7.,67COE-02
1.0000E-04 1.2000E-03 9.6CCOE-032 4,23C0E-02
FEARERRRER  BHEPRRKED  RRERRRRRER RRAEBRARRR
P T T T T LT L LI EE LR AL L
pepdakkEd  FRAAERERRR  AREREERRR  RRREREEREE
SrrEaRRAR  ARERERRRED  RRALBHOPRE  RERERERERE
T T T I Ll L L L E 2 L T L L L
RRREEFRRE  REHBROORREE  RRRRRRERER  ERORERRRRE
B T T T T T T IS L A L TS E TR L L L L R Lt L L
PEREETERER  RRLBRERKES  RREREETRRE  RRRRRRR R
BRAERERRS  DRuRRAkRER  BARRRERRRE  ARGEREERRHE
T T T T T TR T PE T L S LI LA Ll L L
v 1C 11 12 13
N T L L L LT L LA L L S e L
wpadahkik  REERERROGEE  RRARRRRsRR  REREEREREE
RSB ARRED  EFFERARRRS  REBARARAEE RERAIEERIX
7.0000E-04 #ddvddskds fibporkas  ddordskiokks
8.G0CCE-03 #dsdsdiokik  Haddddhdid  whddehinss
6.600CE-02 drsprsdpiok Afdpershr Rfhdirsds
1.6520E-01 #®ddsdskds  sddepprsss plpdirokd
G.0600E=-02 #dsdsdirid kkddsdhmt ddihrkiokik
5.C1CCE-02 #dttpisds fobiddppisd dhkebirids
7.57C0E~02 ##s#diobkss opbiiorimd  dkkbrkird
serkd ikt cbbpbRRRRRE  AmRprRRRd ks
AR EARARE  FROPRREREE  REGRRRREEd  KdRiokkkk
AEhRBRRER  BRERERNARD  KREREATARE  REKERRREE
P Y T I TS T L L L L L i bt
BRERRREEEE  FRORRREERE  HERBOEOREE RRRDLREEEE
SEAFABRARE VHBRTRRARE RV LAEARE AKERRAERER
PERAERRAER  ARARFHEAES  GRAEFAORRE  RERRRERREE
R asdatohaE  BRRRRARERE  RRdoiERRR  RokkkkEokk
BEAaEREReE  WAEREARAEE  REEEEFIREE RAKERERERE
REpadbRAEE  RRRERORRRE  RRORERRRE SRR

INDEX NO. NUMBER
SPECIFYING SPECIFYING
DIATGOMIC SUBROUTINE DATA LCCATION
TRANSITION USED IN CALC. CN TAPE
C2PHIL 2 12

C2PHIL STANDS FOR C2 PHILLIPS BANDS,
SPECTGGRAPHIC CONSTANTS FROM BALLIK AND RAMSAY ASTROPHYS
RKR FRANCK=-CONDON FACTORS JQSRT VOL 5 1965 P 165.

TRANSITICN COMPUTEDC IN SUBROUTINE CNE.

NUCLEAR SPIN
FCR HCOMONUCLEAR

MCLECULES

0.0

ROTATION
CONSTANT
DE, L/CM

0.0000000E-38
0.0000000€E-38

WE XE

1.,2078000F
1.3340000€
4.CC2C000E
1.3970000E
3.62600CCE
1.58100C0E
1.6440000E
1.385000CE
1.1190000€
1.167000C€

FRANCK-CCACCN FACTCR

4

3,2000E-03
8.4800E~02
2.5440E~-C1
1.6700E-02
1.6310E-01
3.8600E-C2
7.80C0E-03
7.1400E-C2
1.0850E-C1
9.,6600E-02
sk o kK
EEET TR TS
A A AR HELE
FTTITT T
ok R Rk
Aok Rk %
AR R
ok Rk
EEETT T 22
FETT T T

14

YTITI T
P LI T 2o
FTIT LT TS
ook K Aok ok
A EDBRRAR
EETTE ST LS
EEEETEE LY
EETI T LS
EEEEETE TS
wxk R RE
PR T ST
TRBREEERSE
ETTTET TS
REAREEAKYH
ok RR kA%
B AR AR E
EELT TR LT
EE TS LT
AR ERER
PR TR T L

4 137 1963 P84,

NUMBER OF REDUCED
ELECTRONIC ATOMIC
LEVELS WEIGHT
10 6.0019
AL ROTATICNAL DISSCCIATION INTERNUCLEAR DISTANCE
CONSTANY ENERCY AT EQUILIBRIUM
BETA, 1/CM DEZERG, 1/CM POSITION, CM
€.00C0000E~38 0.4130000E C5 C.1318430E-07
C.0000000E~38 0.4960000€ 05 0.1242530€E-07
.
WEYE WEZE BE ALPHA E
01 -1.0C000C0€E-02 0.0000000E-3S 1.61634C0E 0O 1.6880000E-02
01 -1.72000C0E~C1 0.0000000€-~39 1,8198400E 00 1.,7650000€E-02
01 2.4€000C0E-C1 C.CCOO0000E-39 1,7920000€ 0C 4,21C0000E-02
01 0.0000000E-39 0.0000000€~39 1.83340C0E 00 2.0400000E-02
01 2.8C5000CE 00 O©.0000000E-39 1.16220CCE 0C 2.42C0000E-02
01 ~4.0200000€ 00 0.0000000E-39 1,78340CCE €0 1.8000000E-02
01 -5.0670000E-01 0.0000000€-39 1.,75270CCE 00 1.6080000€-02
01 0.0CO0000E-39 0.,C000000E-39 1.8700000€ 0f 0,0000000E-39
01 2.0C00000E~C2 0.0000000E-39 1.,49852C0F 00 1.6340000€E~-02
01 C.O0CQO000CE-3S 0.C000000€E~39 1,6324€C0E 00 1.6610000€-02
s 6 7 8 9
2.00C0E~04 #efobfiiss dfdokdimdor  AREddiiair  oRRxR sk
1.4100E-02 1.4000E-03 2.0000E-04 *¥xkskatih dokkssrrhidk
1.4S50E~01 3.5300E-02 5.60C0E-03 1.00C0F-03 2,00C0€-04
2.4820€-01 2.0630E-01 7.3100E-02 1.77C0E-02 3.60C0E-03
7.4000E-03 1.4430E-01 2.3470E-C1 1.23506-01 3,82C0E-C2
1.1550E-01 6.6000€6~02 4.6800E-02 2.1310€-01 1.6580E-01
8.75C0E~02 4.4900E-02 1,2680E-C1 2.00C0E-03 1.5560F-01
2.5C00E~-03 1.1480E-01 2.3000€-03 1.,45706-01 1.1800€-02
2.51C0E-C2 2.87C0€-02 9.9C00E-C2 1.04C0E~02 1,2020E-01
8.6400E-02 4,TO000E-03 6.,4600E-02 5.S000E-02 4.5300€-02
FRRkRREAkR  RRARARERE  RRRRARARRER  REROERRRIOR AR RE
kAR ARRERRKRSEE  RROKRRKEEE  ARERRRRRR ook oK
B et S T T T T T T L T T L E LI L L b kbl
AhrkERRdRE  RRRRRkRER  RkskRkkRk  RETARRRERE  dkkokkkrs
P T S T T T T T IR T L DL DL L L AL b bl
B e T Lt L e Lt AN L S L L L L b b bbb
B S T T2 L L L LA T T L LT L L L AL AL S it
P eI T T T TT T T T TR T L L DL DL L L L L b
arkpkAs Ry PRokbkordd  dpokoRkk ookl opkiook kR ks
FhAkRAdRAR  BERRRAkARR  RERRRRARAR ARk s klokRorRkx
15 16 17 18 19
LR S EE 2 L Hh T L REXR o e ode o e o o ke o 3 Ao e o b ook Ao de o e e MoKk Ak
B e e T T T T T T T T L L L LS S L L e b bl
SAAPERRRER  RABEFAEERR  BAkRRREAR  RERRRERERER  EERRkoRk
e P T T T T T T T L L L L L I R bbbkl
P TT R T T TS T T L e b b b b bl
B e P T T T TS UL LR A LR L L S L L E kbl
MO r S T T T T DT I P T LS LD LI L bl
T e I T T TP T L 2 L E L L L S kbt bk
e T T T T T L L EL R A L L Lkl dl
sakadkdkds  pAfREREEsE PRArkkefiol  RRKRREERR ROk kaor
e S T T T T L L LT L L L L L bbbt
shssgatRht  REERAROEA  RRERREEEAE  FASKRXREER  AXERakkk
AhabkadttE  ARRERAERER  ARRERERokR  ARkRRkihE KRRk kK
e T T e LT L DI S LS LR L bbb
EarsiokdRERx  REEERARREE  RaRRkkRE  RRRRREER  domokrdokk
Suktmkdikt  ARBRRTEERE  ARREARRE  AARRERRERS  SRRRAGRARK
T T TP T T T S L T L L i e b bkttt
A P I T e L et L L bk kbl
I T e T T TR Lo s it L LS Ls i L L bbbl
D eI T T T DS I L L LR



UPPER
LOWER

UFPER
LCWER

PENEVMDWN=OC

e e e b b e
BN D WO

VDNV LN OC

LINE

ALTERNATICN
FACTGR

SFIN QUANTUNM AUMBER CF
CCUPLING RESULTANYT ELECTRCNIC ANGULAR
CCASTANT MCMENTU¥ ABCUT INTERNUC. AXIS
STATE C.00 [
STATE Cc.00 ¢
ELECTRCNIC ELECTRGNIC
CECENERACY TERM ENERGY WE
STATE 3 4.58CZ1CCE 04 T.CC36CCCE 02
STATE 3 0.0000000£~3S 1.5803610E 03
3 3.€6C9€¢0CCE 04 €.,15000COE 02
1 1.3165220€ 04 1.4326870E 03
2 7.51810CCE 03 1.5C93CCOE €3
vv c 1 2 3
243100E-CS 6.2500E~08 8.12C0E~C7 #kxadddidk
2,€5CCE-C8 6.6400E~-C7 7.84C0E~CE ¥k sdkpdnk
1.64CCE-CT 3,6S00E~06 5.61CO0E=CS #dnadddnk
€4S4CCE-CT 1.4300E-C5 1.3SCOE=C4 #ekdtidssn
2.2800E-C6 4.,32C0E-05 3.80COE~C4 #adxdsohkik
6.2C0CE-CE B8.48CCE~05 8.€64CCE-C4 #xutdhtskdx
«S0C0E~CS5 2.37CCE~C4 1.71COE~02 #¥dddkzsk
3.18CCE-CS 4.,62C0E-C4 3.00COE=-C3 #kksdddkktoks
6.1200E-05 B8.12C0E-C4 4.8CCOE~C2 #¥dkasdkkik
1.CECCE~04 1432CO0E-03 7,07C0E-C2 #xsdssthdx
1.8000E-C4 2.0200E-03 G,7200E~C3 kdkkdokktnk
2.7900E-C4 2.8SCCE-C3 1.25C0E~CZ #dkkwtkdsknry
4.1600E-04 3.S400E-C3 1.54CC0E-C2 dickddfhssd
ELEBCOE-C4 5.13CCE-03 1.82CCE-C2 #idtdioidns
T+S5C0E-C4 6.4200E-03 2,C4CO0E~-C2 #ikaddddksx
1.C4CCE-C3  7.74CCE-03 2,22C0E-C2 ##%sdfddkky
FEEEFRADRS  dokddkkkR R ARfdREfolookd kS fokgkdokor
ARAEEEARDE FERFHFEREED  AORRFRRER AR p koK
AEBREARAES  ARRRRRERE Wk AR kIR AR RREK
ARRFREEEER AR R  ARARRIRRRE  REE AR AKRE
Vv 1C 11 12 13
AERRERHERR  RARRRERKEE  ABEEIRERND e AR RAEHR
Ak AR Rk RRREARERRR  RREERRE kR kR Rk R
BRRRRABERE A RRAKEAS  AEFAAERAERD AR R EAKE
AAARREEERE FAORRRERRA RGO R ¥R S ook b o ol
EESREBXRRD B RERIRRBED RRORRLRE RS KRR ERERE
B L I s T T E TR T TR T P et ey
REAREATRFS bR Rkhkkh  AEKAARERES  BEREEEREEL
BERERREEE kiR d  ARRRRORR RS dokE S ERRE
BELERAEEES kb hdobdds GARREREE AR RREREK
BESEEARED S BERFEREKAR  KEERRFFAEF R Ak
BREFRBEERR AR EEREKE  RAERERRARR D AR AREREEE
BERABERRARE RRAIEERERR  ARARRRR AR ROk kR %
L R L T R T T L L s sl
BERAEBEREE pkeddokkkE s RRKEREKERE AR RREREER
FEERFHRLDT R FREERKED  FARAEREERE ARk ARREAR
EEAFEEXERD EFEERREEE  KRREBAEIRE SRk kIR RRR
BERBFHAETF  Akkdhkkkdk kKR SREERF  AERERERERE
L R I R T R T T T T T LT
SRR RBEEES A RERERKAE  KKRBFRESIN AR EEREREAR
HhEERREAR S ARRRIRRRRR  RRARRRX A RAARRRR SRR

DIATOMIC
TRANSITION
02 SR

€2 {16£5)

NUCLEAR SPIN
FCR HCMONUCLEAR
MCLECULES

0.0

INDEX NO.
SPECIFYING
SUBROUTINE
USED IN CALC.

SPECTCGRAPHIC CCASTANTS FROM HERZBERG.
MORSE FRANCK-CONCCN FACTORS BY JARMAIN,FRASER, ANC NICHOLLS 1954
ASTROPEYS J 122,
TRANSITICN COMPUTEC IN SUBRCUTINE ZERGC.

NUMBER
SPECIFYING
DATA LCCATION -
ON TAPE

INTERNUCLEAR DISTANCE

AT EQUILIBRIUM
POSITION, CM

Cs16C4CCCE~O0T
0.1207398E-07

NUMBER OF REDUCED
ELECTRONIC ATOMIC
LEVELS HEIGHT
5 8.0000
ROTATIONAL ROTATICNAL CISSCCIATIGN
CONSTANT CONSTANT ENERGY
CEy 1/CM BETA, 1/CM CEZERO, 1/CM
C.,0CCCCOOE~3€ (.COCOO000E-38 0.1430000€ CE
0.0C00000E~-38 C.00C0000E-38 0.4760000E 05
WEXE WEYE WEZE BE
8.00230C0E 00 -2,7£350CCE-C1 C.00CO00CE-39

1.2073000E 01

5.4€600000E~-02 ~1,4300000E-03

8.19C00COE~C1
1.44566€0E 00

2+250CCCCE 01 C.0CCO000E-36 C,.CCCOO00E-39 1,05CO00CCE 0OC
1.3950C8CE 01 -1.0750000€E-02 0.0000000E-39 1.4004140€ 00
1.260G60C0€ 01 C.OCOO000E~39 0.CCOCO00E-3S 1,42640C0E CO
FRANCK-CCADCN FACTCR
4 € 6 7 8
L L L L I L L T T s
BRI BRARE KR ERRRARRK KR ARERE ook kR Aok Rk
ARG BRI EARRR AR RRRRRE RokkdokdokRkk KRRk Rk okh
L I L L T T T e T T T T T T L L]
BEREHRRANR AR ARR R AR RRRFRREREE ARRERREERE Rk Rk gk
SRR eRdk  dobdobkReRRk  RARAFRRKER  RkkRkdobiolor  kgkokkdokkKk
ARAAEDARE N R AR SRk RRRRRRRRER  olokRolkorkok SOkl ook g ok
LR R R T L T Bl R R B e S S e T |
ARdaadrdoll RkRdob Rk RRRERAREEE  kkkkkdokkkk kAR
HRROR R R bRk RRkdk Rk kAR RfoRdoRiokik  kddksofogokok
BARKRARRRR Rk ok Rk kRS RERR kAR RoRRkE  Rolokdok Rk KK
AERARBRARE hhd bRk ddEk  RRRERRERARE R RARRROREERR kbR kKoK
WRARERRERE  dokdobkdobiok g kdRfkAkoRd  dokiobforkkokk kRdokdkRoRgd
FEEARDRRAR AR AAkE kR RERkRk  kkkkokaokk kR ok Rkakdk
BRKRARARAE RhhA R ktor  kkdRRksRkdE  olioflokdokgk kR Akokiokkk
ARAER RS ARE  wdolofkkdlkE RRIORKRRREE  RORRORRE KRR KgAK
ARARRRRREK doktoloiolofikol RO ROORR R SoftollopRtok ok R KRRk R &
FRERFRARRE BB AE Ak RRE AR AkRkdokkk ke kAR AREREE
EXRRBRAKAR AR ARRRRRRE mRgoRkRRE  RoxRdolokkk R d ok ook ok
B I e L S LTI
14 15 1€ 17 18

BAERAABEEAR Hfkokd okt BRRREARRER  goRRRRAoRRE R gdohdkkd
FRREEARRRA FRERROIRRRE R RRRERA SR kR foklokkkk  dobiokdokokokdok
EERARHRRAR AAERARRAAE AEARRAE A EERARRAERE WAk Rk
BErkadlobh AkkdkkhkEE  RERRIORKEEE  lokdolokiokk  dcloblorkk kR
AEARFRARER RokRRRRLdokk SdEREORRRR R RORKERORRR R ok ok ok
BERREEEERR R RRREER KR ER AR RERARREEAE bRk kdkokkk %
I R L Rk T T LIRS S R R S o
HRR R R kR Rk ARk kAR RRREKEE  SERREAREARAE SRk RRRKKE
EARRRRRFRE AR RREIALE Bk RERAEE AR RKERRRK  RobfokokkkR Rk
FEREFERARRE oRdoktR AR KRRk R R kAo kR Rk R AR R K
BEARERRERE AR R FRA AR FHEREIREAR AR ORAREAR  RAKEAERERE
BERRRRRRARE kR pkkd BRAREAAERE  AARRRRERK kA RKERKKKE
BRRRER R Rk gkohk  RdERRRRRRE  RRRkiokaork koo iRk gk
dpkk R R FRdRob Y ddRAkAR R RRRRRRRIRK  RdRkdkkkkE
L L I L S N L
AREKAERARE RRAAAREAkE RdckddkkER S AR RdokR Rk ok foktokkokRK
EE I L kL L LI S T T S S e g g
BRAKRERE SR PR RRAREE  RRkkRRkAd  SRARORRARRR R RkRE KRk
RERAAREERR AR RFERS S RhARkRRER  RRkRRARRRE  RRRESEEREER
BRARE AR REERERRRIR  RORIRKRERRE  FEREREARKE KRR ARk R

ALPHA E

1.10COCCCE-02
1.5791000E~02
0.0000000E-39
1.8170000F-02
1.7100000€E-02

9
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ek e Ao koK
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INDEX NO. NUMBER
SPECIFYINC SPECIFYING
DIATGOMIC SUBROUTINE DATA LCCATION
TRANSITION USED IN CALC. CN TAPE
CH4300 2 15
SPECTCGRAPHIC CONSTANTS FROM HERZBERG.
MORSE FRANCK-CCACCN FACTORS JGQSRT VOL 4 P283 1564
TRANSITICN COMPUTEC IN SUBRCUTINE CNE.
LINE NUCLEAR SPIN NUMBER OF REDUCED
ALTERNATICN FCR HCMONUCLEAR ELECTRCNIC ATGMIC
FACTCR MOLECULES LEVELS WEIGHT
C. 0.0 4 C.93C0
SPIN QUANTUM NUMBER CF ROTATIONAL ROTATICNAL DISSCCIATION INTERNUCLEAR DISTANCE
CCUPLING RESULTANT ELECTRCNIC ANGULAR COGNSTANT CONSTANT ENERGY AT EQUILIBRIUM
CCASTANT MCMENTUM ABCUT INTERNUC. AXIS DE, 1/CM BETA, 1/CM CEZERO, 1/CM POSITION, CM
STATE 0.00 2 0.0000000E~38 C.0000000E-38 0.0CCO000E-28 C.11C26COE-07
STATE 0.00 1 0.,0000000E-38 C.000C000E-38 0.28COD00E 05 0.,1119800E~07
ELECTRCNIC ELECTRCNIC
CECENERACY TERM ENERGY WE WEXE WEYE WEZE BE ALPHA E
STATE 4 2.215000CE 04 2.921000CE €3 5,0400000E 01 C.0CO0000E~3S C.CCCO000E-39 1.4$120CCE O1 6.7000000E~01
STATE 4 0.0CCO000E-39 2.E616000E 03 6.430000CE 01 0.0000000E-39 0.0000000E-39 1.4457000E O1 5.34C0N00E-01
2 3.18210C0E 04 2.8241CCOE C3 1.C58C0CCE 02 C€.0CCO000E-39 0.CCCO000E-36 1.46290C0E 01 7.44C00C0E-01
2 2.5949000E 04 2.54250C0E 03 3,7380000E 02 0.0000000E-39 0.C6000000E-36 1,28870C0E 01 4,8500000E-01
FRANCK=-CCNCCN FACTCR
Vv [ 1 2 2 4 b [} 7 8 9
Su.5960E=-01 2.00C0E-C4 dddiiortasd sooadkmks Rfokddhsks et T T L A T T T T UL L L E S L i kbbbl
2.0000E-04 9.9660E~01 1,0000E~04 #¥kdgkioksx 1,0000E-04 I I L T L E T L L L TSt L L btk
teritksssd  1.0000E~04 9,5470E-C1l 2.6CCOE=C3 #aobbibpidd Akadafdiid EhkERRRRRR  ARRRRRRRK okt dok R looR ook
sasesbeskk  ikskasask  3,2000E-C3  S.81S0E-01 1.210CE-02 1.6000€-03 1.0000E-04 fokrsioidks ik RikRsRrk
seerriREBD MR AAKAKE  ReeAkEsA%  1,4600E-02 9.2530E-CL  4.2100E-02 P T T LA L LA R A L L L LI S E Ll L b
Srsrbhad  hEddkilRER  RRRERAERES  ARRKSREEEEE  4,96C0E-02 B8.8620E-01  #RmusARRAR RoRdkRokdokl Rk okl oRE ROk doRkk
Pesodthikk  gkEdkdbssk  1,0000E-C4 2.30COE-C3 1,280CE-02 wdkkdion® e T S TR T L L L P L
J I T 11 Ll Lt LA T T L L L L Ll Ak b b bbb phdRRRERES kiRl okl Xk RoRolobior
A0 I T T L T T T T T TR TEL L L L L L L bbb bSO S eSS adropdoikkk  RfokRdolokk ok k
R I T T Tt L L L TR L L L L L b bk e b Eddok Rk Rk Alokfoligkokk  dokdkgtor kool A%
et RERAEREEER  RRRRRETEER  REREORIIONE  RRERERRRRE  BROBEEERK RERRESEERR e T TS L Lo B L LA L L]
SErpaREhRd  RRERERRERE  ARRRAREARE  ORRRORBEREAE  RRRRREARR RARRKEREAE e T T T T T L UL L S L Lt L
B e S T T T Lo Lo S LI SR T DL L L b b bbbk b kbbb P T T T T T L LR T L T T L L L Ll
T e e T T 1 L L L LI T LT L L L LAl b b kbbbl aadthhirth  Rokioionk kool dookoolloRork
A D AAAARRREES  RERAFHOFT  RERIAFEEAE  BRRRRLRADE HOORRKREIR XREARRAD P I 1 LTIl L I L L L L LT Ld
N N P PP T+ T T T T T LU L L L S OB SRRk kR torkdk kiR SRk
ebthrriEn  hEmdEESs  okkdkdsld  ARRGRREESE  HRRRERRRRE RRRRRREORE BRRaekia T I S Lt L L T L T L L ]
J e N T T T 1 L L L A L L R L L L D L AL L E L L kbbb FR e e L L LA L L L L AL L N LR L L
e B T L e L kbbb bt sRgokRRioR s Rk KRR R Rk Aok Rk
odreitdst  dEEdERRARR  TEBREIAERAD  OPRIBROORRE  RRREEEREER KRR dRrk R T T T L T T e L L L L L Lt
v 1C 11 12 13 14 15 1¢ 17 18 19
ek sEAAS  HERRRREEE  RARERARREE  AEEOROERRE  RRRRRRORE R RRkobie K P L L LA EE T T L L S L E L L L bt
ek AaRaEd  RERRERARE  RERARERRES SRR GRERAE  RERRRRKREKE  RRRRRREE  BXRRORE RS SoRdoRdoR Rk RobRORIoRRoR ook ROk KX
B e T T T T T T T ST T DA R L L L I LE L L it SaEdREEES S wRERdobERE  obRobkkokkd  dokkollor
Sk pERsRas  AERAEEObEE  RERRRpd  RRRRRRRERE  RERRRRtkil  RRRRRREKEK SRR gk dokR R Rolordo iRk ok ReRoloRR Rk
SbbEbbs  HAEAARECEF  AERAREERED  AKRKRROERE  RRRRERERRR Bpddiiakir BRI P T TR TR L T L LI L L
B T T T T e T T T T ST L L LU L L L AL bt b kbbb P T . L LA T T P LL L I L L
PR ARRE  REEERRAREE  RRRRERRRRE  RROEDOORKE SRR ek Rl dionk Shgak kRt s okkddkdok  Rokkdkdkd  Rkkiortetiork
stkrpEbE  dtEddkEcolE  RERRRRERERD  SRESRRRRRE  REARRERAEE  EREEREREER AEREOORERE P T T T T T T T TN DL E LR
T T T L A b A bbbk kb srmsdiondciok  okiololksok ok Rk R RORR RS
EEREEESRE  wERRRaRERs  BREEEREAEY  GReEEEbRREE sbRtnbbbR olkoobionk e TR T T L LT L L L Ll b
D S I T T T T P T I DL LE L L LR S S bbbt bbb BRRoRRRERE  AARoRRRRKRE bRk
exsrsaEri  Rbbbiiad  ASEAERARAD  AREEERREEE  OBORERRKERE  RORRRRREIE  SRERGRRRES bRk Akkl  RARRRRARRE  RRRERRRAK
SetbErhekd  RRRBEOEAORE  RERSRREATE  RERERERBE RRERREERAR RRRERRRSA RRklobiies BokkERRREE bRkl R Rk
SRbRARARRE  pEARRRdkmk  RERAERERAE  RRRRRRREER  AdRRaki Rk k shanahEARs  dkkdkkiobkk  RdokAkiokEk R Rffioeg
SeatAnadRs  FRsedRkaEd ObROGRERRE AR oREobRRER xkd kel AREsskk sk RRokdokiokkik  Rdokatdolkol  okokksk
B I T T T Tt T L LR L L L L e P PY T T T T T S TR S L LAt L b
saskEAEEes  BREREEERAR  RRGEEROLER  RRRERIIONE  ERRORRE RRRRRER R Rk RRE Rk R gorokdkdoRE AR RORORERR ROk R HORRORR
I T T+ T T T T T LL L L L L LI bbb bbbt P TTE T T T VRN LL L L L L]
ersEabtay  SERAEAREER  RRRRREEREER  SERORRROEE  RRRRERRAREE  ERRERRRKER GRRRRERion P I T T P T T U L L L EL L
et asEans  Resakkkid  EDKEAKEEEA  BREELKERER  RREEEREREE SRSAERaRER PO I T T PUL L LA L L E L AL LAl
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LOWER
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VONOWMP WO C

LINE

ALTERNATICA
FACTCR

SFIN QUANTUM NUMBER CF
CCUPLING RESULTANT ELECTRCNIC ANGULAR
CCASTANT MCMENTUM ABCUT INTERNUC. AXIES
STATE 0.00 c
STATE  27.95 1
ELECTRCNIC ELECTRCNIC
CEGENERACY TERM ENERGY WE

STATE 2 2.554900CE 04 Z.5425CCCE C3
STATE 4 0.0C00000E-39 2.8616000E 03

2 3.18210CCE 04 2.8241CCOE 03

4 2.315000CE 04 2.9210000E 03
vV 0 1 2 3
5¢6370E-C1 6.0000E-04 1.€S10E-Cl S.25C0E-02
1.2000E-03 2.1760E-C1 1,67C0E-02 1.1160E-01
1.€450E~C1 1.66C0E-C2 4.CCCOE-C4 1.62CCE-02
$HA%eRBEEE 2,1 T40E-Cl  1.2000E-C3  7.45C0E-02
8.11006-02 1.650CE-02 5.7¢CCE-C2 1.42C0E-02
7.C000E-04 1.6100E-01 2.15C0E-02 1.00COE-03
3.8300E-02 1.02C0E-02 8.13CCE-C2 5.13CO0E-02
ARAREDRERD  ARRBRREBAE Rk ARk R R Ak kkok Kk
BRI RFRDES EE 2 2 L2 L2 1 Ao ook ok o e o ok o ok o koK
PR SRR T A0 o e o ok ok % oo g Aok A o o e ok e e e ol o o ok
LE 222222 L EEEE 2222 2] EERPHXEERD 40 % 20 ok oo o o ok
LR EEEEE LR ) LES R E L2 2 1 kR ok ko R ELES R L L L]
EEEEE SRS 2L o e 3 ok ook kK o Aok ok k% ke oo e ok ok o oK
EEAEEE 22 2 2] LRSS 2222 2] RS EFRNED EER 222 22
EAEEEE S LX) 4 %9 3 o o ok ok % L2 RS 22 L XS 2o A e o Aok o Aok
XN R ERXEK ARERBERERS EE T2 2L 2 LR ST RS2 2 2]
A ERRR oA o o ok e ok ke e o e oo K A ER R EEE L T L]
EERE S L2 2L 23 LA EE RS2 L 2 LRSS RS2 2] 2 ofe ofe o o o e e Aok
EEEEE 2 2 L0 L2 22222 20 EA S EEE L RS 0 % o o e o o o oK o
L2222 222 2] FREERERKEE L2 eI 2SS 22 EE S22 R L)
woo1¢ 11 12 13
LR 22 RS S 2] L2222 2 22223 LE S L2 R 2 ok e ok o o ok ok
P22 2222 2] LR S22 22 22 AR FEEEE L eoke o o o g0k o ok
22222 L 2L X L2222 23] L2 2 R 22 L2 X o e Ak k&
L2 2 222 2] LR L2 222 ek ok ok % % % Ao ol ek e ok ek
LR 22 2L L (225222 2 22 EEE IS 2 2 4 KA ok ko Aok
EE22 2 222500 L2222 2222 2] L2 22 EEE LS 2] 2 0 o 3 o oo e e
AEXBSHRINE 3 Ao ek ok Ok LR PSS L2 S 224 LSS 2R 23 2]
BERRRRERR ARG EE  Aefdokkiokgd  kafokbdoor ok
(E R ES 2R LS AR R REF L2 2 2222 2 ] RSS2 22222
AFASNRINER LR S22 e L EZ 2L 22 224 Aok kg
LEE 2R 2L 2] HHhpREE kTR RS hERES Aok ok A
LERZ 222 2 2] R 22 2222 20 L2222 22 22 2] LEE 2222 23 2 ]
LR SRR L2 LR R 222 2 2 L2 222222 2 3 Aol o o e e e o0 o o
P22 EEER S L] EE2 S 22233 24 L2 2322222 2] L2223 22 1 23
BAARIAREDE Ao ok ok ok Aok e koK o ok o LR RS L L2 2
EL2 2R 22222 KR FFEEFED Tk kR hkt dkok kR
LR ES S22 2] BRESEEKEED EEZEEE 2 S L2 LS 2222222
FERERERRES LRI 2L 2 L L] KR AREEXS Kk kR Rk
LE2 22 E 2L L) E2 22222 2 2 3] R 222222 22 ] LA EE L2 L]
FAIEXEREED FEEKREERERE L2 222222 R4 EEELEE L E L]

DIATOMIC
TRANSITION
CH3500

NUCLEAR SPIN
FCR HCMONUCLEAR
MCLECULES

0.0

INDEX NO. NUMBER
SPECIFYING SPECIFYING
SUBROUTINE DATA LCCATION

USED IA CALC. ON

SPECTCCRAPHIC CCNSTANTS FRCM RERZBERG
MORSE FRANCK-CGCNCCN FACYORS JCSRT vOL 4 P283
TRANSITICN COMPUYEC IN SUBRCUTINE S2 Pl2,

1564

NUMBER GF

ELECTRONIC

LEVELS

RCTATIONAL
CONSTANT
DEy 1/CM

C.00C0000E~-38
0.0000000E~-38

4

ROTATICONAL
CONSTANT
BETA, 1/CM

€.0000000E-38
0.0000000€E~38

TAPE

REDUCED
ATOMIC
WEIGHT

C.9300

DISSCCIATION
ENERGY
DEZERQ, 1/C¥
€.0000000E-28
0.2800000€ 05

INTERNUCLEAR DISTANCE

AT EQUILIBRIUM
POSTTION, CM

C.11861CCE-O07
0.1119800E-07

WEXE

3.,738000CE 02

WEYE

€.0C00000E-~39

WEZE

€.C000000E-35

BE

1.28870C0E 01

6.4300000E 01 0.0C00000E~39 C.0000000E-39 1.4457000€ 01
1.C580000E 02 C.00C0000E-3% C.C000000E-3S 1,4629000E 01
G.C400000E C1 C.0000000E~-39 0.0000000€-39 1.49120C0E 01
FRANCK=-CONDCN FACTCR
4 5 6 7 8
8.00C0E~-03 5.,5700€-02 2.3100E~02 1.7000€~03 *&*asaksnk
1.3970E-01 6.8000€E-03 4.5700E-02 1.1270E-01 #dksxkkskkk
1.8C00E-03 4,5200€E-02 2,44C0E-C2 6.0000E-04 #*kxkkbadk
8. 7CO00E-03 9.,2000E-03 4.2800E-02 7.9100E~02 kdkkdtkidk
3.8S00E-C2 4.9000E-03 2,9000E-03 xkxkidkis Khdtkiohkd
kb dkkR Rk dobkRx  dkbkookokokk  oRRIORIRRE KRR SRk Rk
Aotk gk ik dRopkk bRk Rk gRRRdkRk  dokkgdokiokiok  RpkorRkokkok
rRREkRERk  Rpbbokbkkk b Rdkiokr  ooobkikiok bRk kook gk
FAOKAOKRROR R R kR RRRRoRR Rk R R RRRRkRkkk kR
whktERdRdk  RkkdkdokRdok bRk kokRokkRERk  ARARSRRERE
BRARRREEE R ARk Rtk RRRRRkR R RRRbRRRR kbR k
REARRRARGF kR RARE R SRRARRRRER  RERkRkEkRk kAR R
Sgopdo bR RRORRRRRAEE BBkl R Rk R RkRE  RKRRRARREED
Aok dkkcokk ARRORKARIK  RRRRREEES kR RR  Rkkkkokk R
sk khddaRs  dokbokkokiol ARk dkiobiobkokkok  doRkRRXkRE R
BRARERERER bRk kR Rk RRRRERREs %k Aokokdoiobdodok  kiaok kKoK
Rk adads  dpkkdobbkd ook oblobfoRRobk KN RRERRRRE
FAFBERAARE  AAAAARER DR BRRRRARERR RRKRRRRRAE Rokkokkk Rk Rk
FhAoloR Ok R RRRARER Rk R RkERARKIOKK KRRk AR
ArckRaedddd  RRRRARREkk  RdakEkRckks ookl RRkokbkkokkk
14 1€ 16 17 18

AAKRRR AR AR RRAIREE BB FEKRRERE FKEREFEEAK AERFFRRARR
AdckoloblloR R ROk RRR R RRXRRRRRKE R RRREHAREEE Rk
BAFRRARERE RRARFERRFE BAERRERERR SR RRRETREE RERRA KRR
stERoREkR%  AkdokkRdobk  kRkkaskRsk  ktkkiolokkk  RkkkRkERRR
FREEARARAS  ARRRRRRRRE RS ARREOOE RkRkkkRRR KR RRRERAR
dhdckkkkRdk  okpklolokkk  obdokikkkkk  fkiioiobiokk RokR bRk kA
ERghioRd R FRERRREEEk  RRRRPREEFE  wkkkkkEskk  okkokbkkokkd
dpokobkRicrdkk  kRRdook Ry FRRERRkREF  RRkaiokiobk Rk RRkkEoRk
ddhkdgk Rk KoKk RRREK  RRRFRERRR R kkkRkRRRRE  REAEEEREEk
dtkddobkkdr  dsdokbiork  fkkdokbdikk  Rktokiookiok kokkiokiofolok
wk Ak RRR R dRRRRElRE RRERRRRIRE  RkfolkkkioRk  RkkrEkdokkk
dedkkkE bk kEdErioRRkr  opkiokkiokk  obbkobkdkolok sopoloboliobk
bRk R RRRRRERREE RRFEERRSEF  dokdokiokokk kR RRaRERAR
AEERRRERE R RRRFXERIAE  FFFERkRRE  obkmkRRk  kkkRksrkE
ARARBEREAE  AFRREERRAE AFRRR ARk foRfoRkEREERE  REkRkkEEXE
SRAFERAREE  FEAFREFERE AEFRRREERE AREREEEERE  RREREEERK
FRAFFHARAR ARARFESRRR kAR ERREES  REARRRRREE  RRREREERES
EERRRERARE  AAREREAERE AR RARRRRR R RRRARREREE ARk KRk
AAARERRRRE  AAERRRREAE AFRREERREE RREREREEAR KRR N
FEERERRRAR AR RRIERE ARRERRRER S FREREEKRKE RARKAEAKAE

ALPHA E

4.85C0000E-01
5.3400000E~-01
7.44C0000E~01
6.7000000E~01

9

EREE S S22 L
EETEETRY TS
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ETTTTT TR TS
ook KAk
EEETT TR
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Kok AR KRR
PR T
ok ek K
ok ok kKK
EET P T EL ]
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A KK
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LINE

INDEX NO. NUMBER
SPECIFYING SPECIFYING
DIATOMIC SUBROUTINE CATA LCCATION
TRANSITION USED IN CALC. ON TAPE
BECE-X 1 17
SPECTCCGRAPHIC CCASTANTS FRCM HERZBERG.
MORSE FRANCK CONCCN FACTORS JQSRT vOL 7 Pé39 1667.

VALUES USELC WERE THE AVERAGE CF THOSE FCOR THE P AND R

THIS TRANSITON CCMPUTEC IN SUBRCUTINE ZERC.

ALTERNATICN
FACTCR

SPIN QUANTUNM ANUMBER CF
CCUPLING RESULTANT ELECTRGNIC ANGULAR
CCANSTANT MCMENTUNM ABCUT INTERNUC. AXIS
STATE c.00 C
STATE 0.00 ]
ELECTRCNIC ELECTRCNIC
CEGENERACY TERM ENERGY WE
STATE 1 2.125394CE 04 1.32708170E 03
STATE 1 C.0C00000€-39 1.4873220€ 03
2 4.1265000E C4 1.C160C00E 03
1 3.912C1C0E 04 1.C815000E 03
2 G.4CE561CCE G3 1.1442280E 03
vV o] 1 2 3
8.6250E-C1 1.0450E-Cl 4.15CCE=(3 #¥krddbskik
1.C085E-01 7.05756-01 1.8030E~Cl1 1.02C0E-02
7.4500€-C32 1,66SCE~C1 5.745CE-Cl 2.3545E~01
A4 RRIRF%% 1 ,87506E-02 2,0825E-01 4.74B0E-01
FREAERXRKA  hkRRREERR 3,1880E-C2 2.3210€E~C1
BABEAERRRE Rk E kPR RARF  wERE SRR KX
ARBBRRHES  Apdokkdokdkg  fokdorRrkd ook okdR Rk K
ARRARIRBAD wxkhkpkEdd kR Rkd ARk oRRk Rk
AR ARRRS  RddkokkokkEk  doliopiokEolor R ROK Kok KRk
SHARRBERAE  BRAFRRERED  XAIRLNRRRD AR ARk
RERARARREE  dkkddokokaokd dololokkkRd AR Rk ok
SEABERRRED Rk AR RRRRE D xR RoRRRd
BAERRRERAS  mkkddookkokk  xEdkdkkEdE RS EERERX
FRRBHRRRAS BRARRRFERE KRR BRRERE KRR ER TR K
Bagp ool okdobdokdobior  dokdololRobd s RRkoRER KK
AERREARSRE  Axp Rk Rs  RkRARRR  RRRARERRIK
BEdbhRkEokd  dkkdkdcokddk  RERdooRRRER  RAoRERRRRORK
BB e oAbk ohkdolorglokdok  dokkdoRRob® kR eEakE
FEERFBREIA pkdokEkdokkd  gkggfklok Rl ARERREKEEK
TSI TR T T T T TS TR L L A T LA LR L L L
v 1C 11 12 13
BEARRARRE S pRwdclokRdk  RARFEERRE  RAORERAORERX
REBERBERER  okdoRRRERE  RpkgREkRRr kR RRE
BERRERREER  BRRRRRAOKEE  RFRRRBEERR RRERARFRRE
BhpRrRRoRRS  kkkdorkEERdt KRR RXERAR AR EH RN
PRegokkR s doksokdkokkokks  RRREREkERd  pdolokddoiookk
BakbR sk Rk dopopiokdol RFERERRRRR AR ERARIORK
FAEREARFER  RpEERERdokd  dokdolopdokkRd RRkRRRokRRk
FE3RRbEES  BRRPdokiokd  RokRRERRRE  dRolkakEkEd
FRRERFREES  wmkkRlkdokE  RRREREEEER PRk RKEREE
FRAReREED  pdookRRdobRkd WRdRdoRioRE R Rk R RkREX
dRdddkdokkn  ddokiookdoRd kRS RE RdokEddokRx
RERREBREESE  FEALRRKERK  ATEERERER  RREERERKRS
BERREERFRE Rk FEREEEEE  dobkRiRRR  RIOOFRRORRER
AhReEdkER S pEdckioRkEER  RRRREERRE  AAKARASEAES
BEAREARSHS  dkdkdokokmdor  fokklokgdkkkE  AkRkkk KR
SRAFERRSES  wRdkREREt Rk EERRRE xRk
FAAERRREF  RRERRRFEE  HXFRERERES KR SdRKk
$242x0 kR REIRkREFRE  FRdRRREERF  RRKdRRRkRk
SRRREBERER RARRERRRRE  RERERRRRRY R R RRRR
Rk ks dRsasikkir  kaioRkRRAke  OkoRoROREoRE

NUCLEAR SPIN
FCR HCMCONUCLEAR

MCLECULES

0.0

RCTATIONAL
CONSTANT
CE,y, 1/CM

€.00C0000E~
0.0C00000E-

WEXE

T.7455000E
1.182$7C0E 01

BRANCHES FOR J=20.

INTERNUCLEAR DISTANCE

AT EQUILIBRIUM

CM

C.1262200€-07
0.1230800E~07

NUFBER CF REDUCED
ELECTRONIC ATOMITC
LEVELS WEIGHT
s 5.7661
ROTATICNAL DISSCCTIATION
CONSTANT ENERGY
BETA, 1/CM DEZERQ, 1l/CV PCSITICN,
38 C.00C000CE-38 C.COCO000E-28
38 0.00C0000E~38 0.2990000E 05
WEYE WEZE 8E

~2.7CCO00CE-C4
2.2350000£-02

C.CCCO0OCE-39
0.0000000E-39

1.57580C0E 00
1.65100C0E 00

1.CCCOCCOE C1 C.O0CO0000E-39 0.CCO000CE~39 0,COCOOCQE-3G
9.1C000C0E 0C C.0000000E~-39 0.0000000£-39 1.3C8C0CNDE 00
8.41450C0E 00 3.389000CE-02 0.0000000E-29 1.3661CC0F 02
FRANCK-CGNDON FACTCR
4 5 6 7 8
dRctdR ARk doRtobgdoRRsk bRk ookl R dkkkoRokiok
kool bk RfokgokoR kK Saklkokiok  oRkkoloRRkE KRRk
1.€6B8S0E-C2 AFdkdsodddk okdodockgoddiongk  obkiobk sk Rklok Rtk
2.76CCE~C] #kiokddepkdk ookl kfokdolokioRrk Rkt
4,0220E~01 Haddddoddior  dxdfoiolofolorg fkdokodokdkokokk Rk R RkRkk
ik dddokd g kR ARk ksoksdkdodd  liokiokioRRE kR Rk
ok Rk Rk RRRRE  BRRRKAERES  dofookkkkdokk  RoloRRkRE R
Stk RRRE  fopdolk kAR ARRkAdoRRd  dopdoiolkioliok  koklokiorioR R
SEERBBREGR  REFRERIRRK SRRk oloRfoRkokiol ROk K
skt N Aokbdddtiolok  AROKREERR  kgotokkrdokok ROk RE KRR
ARERERRFEE KGR IR SR ddokfokRkiiok  olofoikor ok ook gkl
FRREOR R AR RAORAORRERR  ORNRKRRAKE  ofkkokdokddokk  RRAKIEAEAK
REFRRDBRAF  ARRRRRRRAR kR sdktohR  dokkloloRioRkR R RRKREREXE
RpgkR R E  RokdoRtok Aok dokbRbkioked  RAcfoRiokrdol ook kR Rk
dhkkdp Rk RERmckkRiokEk  Romkkobkkkt ook Rk kR AR
BhEFTRERAE AR RERARRE  wfokkdokkR Rk fkbkEikdk  RRRRRRREK
Mok d kR R Rk REEEREE  Adkkdkrkiok Aokl kbRRRER SRR
skl okt dobER R grkkdokdoiord ookl SRRk %
shEdERbik  kERREEdRdk  dRkkkRkEEk  Rkkkkkiobk  foolRoxkEk
Fhdkdtdiobk R RSIRARk  dkaokRRERs  bkdookdokdobk  okolokkiokdok
14 15 16 17 18

ddch Rk kAR AEgddokkdd  RfRatriokdd  okddopkkikior  soooloblollok
EETTTTEE LR TS S L I L ES3S Aok Rddokkak ok
AR ENE WAEARRAEAE  dkkfdckifoor  dokdkikpkokk  kedokdRdokkr
SRtk REREE KRR RREE  Rtdtkoktokdk  dkdlobioiiobk Rk siolokior
spckrdcldok e RktololokiiobE okkkdolokk Rk oiorkiolRkok kR kAsEok
FEERRRERRE  REERRRRESK  Ahdckkkst  ddkokdokokkk  RRRRRRRRRE
ddchokdlakdk  fokdokRkdR  ARRRRRRKSE  ebokdkkiokkk  kkdokkkaokkk
REkERRARSE  RREKEEREAE  pkhdkodkirr  fekkkokdkkk  EdRkskkEE
SRR AR AE  RRERTORRRRR  RRRRKAXAER  REHEEEKEIR HIREKRAR KA
FRAEADARDE EERERRkeR  rokolokionk  dokdokkdokkk  OkRkokAokRokk
P T Y ittt L *xExH  REE FT AT T TEE TS
Nk dddrae st RRARRARRRR  SRRRKREEEs  fkioiookkdk  sobkokdkiokkk
iR RRRRRE  kkRkkdktk  dadstdkiid  ObbkhkkRkdok kR kRokks
gk hRkkk  RRREEskEd  dokkkbdkiorkd  dopobkhkkk kR kRREERk
SRREARPRGE kR RRRR  RkdntdRkEd  kkkkfokkkiok  ddRkkkExk
A EEEREREF  ARRRARARAE  RRRRERREEE  dobbRookiok Rk kkREk
Bk AEEEss  dkfdkiorkkE  okkiokkRRk  RRRRKEEERR  RRRkkERERE
HEhklRRAbE RRfolokRkRk  Aatdktskikd  kkdktkickkkk  RoERkRRRkRk
ARARERBREE RKERRKDREE ARRRRRRRR R ARERRREREE A RERARKA
Rk Rk RoRKfORRRRRE  phdokdokridd  dkokdofloRk Rk RkERkkkE

ALPHA E

1.5400000E-02
1.9000000€E-02
0.CN00000E-329
1.0000000E-02
1.6280000F~02
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INDEX NO. NUMBER
SPECIFYING SPECIFYING
DIATOMIC SUBROUTINE DATA LCCATION
TRANSITICN USEC IN CALC. CN TAPE
co+ CT 3 18

SPECTRCSCGPIC CCNSTANTS FRCM HERZBERG.

MORSE FRANCK-CONCCN FACTORS BY JARMAIN,FRASER,
ASTROPHYS J 122,

€5 (1$55)

ANC NICHOLLS 1654

THIS TRAASITICAN CCMPUTEC IN SULBRCUTINE S2 PI2,

INTERNUCLEAR DISTANCE

AT EQUILIBRIUM

LINE NUCLEAR SPIN AUMBER OF REDUCED
ALTERNATICN FCR HOMCNUCLEAR ELECTRCNIC ATCMIC
FACTOR MOLECULES LEVELS WEIGHT
0. 0.0 3 6.8582
SPIN QUANTUM NUMBER CF RGTATIONAL ROTATIGNAL DISSOCTIATION
CCUPL ING RESULTANT ELECTRCNIC ANGULAR CONSTANT CONSTANT ENERCY
CCNSTANT MCMENTUM ABCUT INTERNULC. AXIS CEy 1/CM EETA, 1/CM DEZERQ, 1/CM
STATE 125.00 1 0.0000000E-3€ (€.0000000E-38 €.0000000E~38
STATE 0.00 C 0.0000000E-38 (C.0000000E~-38 0.7990000€ 05
ELECTRCNIC ELECTRCNIC
DECENERACY TERM ENERGY WE WEXE WEYE » WEZE BE
STATE 4 2.0733190€ 04 1.5620¢600E 03 1.352200CE 01 1.3100000€-02 0.0000000E~-39 1.58940C0E 00
STATE 2 0.0C0CO000E-39 2.2142400E 03 1.5164000€ 01 -7.0000000€-04 0.0000000E-39 1.G772000F 00
2 4.587€7C0E C4 1.73416C0E 03 2.7927CCCE 01 3.283C00CE-Q1 0.0000000E-3S 1.79592C0E €0
FRANCK-CONDON FACTOR
Vv 0 1 2 2 4 5 6 7 8
4.2000E-02 1.4900E~Cl 2.46C0E-Cl 2.49CO0E-01 1.7400€-01 8.,9000E~02 3.5000F~02 1.1000E-02 #**sssakss
1.1200€~C1 1.9100E~01 8,30C0E=C2 #®dkditkkd §,40C0E-02 1.8200F-01 1.8000E-01 Hkdkkkdkhds ddidhissk
1.,6€CCE-Cl G.9CO0E-C2 2,0CCOE-C2 1.04CCE-01 8.,50C0E=02 1,0000€=-03 rokkeddtdk sokdxdokbhkkk KAkkdRkkns
1.8C00E-01 1.5000E-02 7.1000E-02 7.2CC0E-02 2,0000E-C3 #ikdhkdihsk kxsadhdhdd dofkkisdds  sobhikhkks
+«£900E-01 4.000C0E=-03 9.,60C0E-02 1.00COE-03 #kddokkthar akadxddoid  Skdddiokhk ko dtolohs  kdkkkhddns
1.2200E=01 4.1000E=02 5.10C0F=C2 #dtobdiorihe fhdkasddohdd  Skxkkdhk PR ddsfhs  Seehkhks  KEAapkhsd
8.50CCE~02 7+80COE=02 #xtkdsksdk shopdddgrik  kkddikkss  Sohkirkakhs  shddspiokks  fokdifokdonior  dopklokfmonk
5.50CCE-02 LR R L SR L 2T LEE S22 2 L 2T A% ok oo ok ook ok ok ok ok LRSS RS L 2] AREXER SR RPN LR 22223 8] Aok ok o ok ok
2.4C0C0E-C2 ®xdxdkdordd  wpkbdddobfor  fkdpdoiokhr  ddoksdolokior  kdkdokdokdor Rkt Rokd kR kk Rk kRl &
LR ISR E S L AAEFTXREE S LR TS S 2 ke ok o ook e ok ok EEEEE RS R L LEES IR EE S 2 B A Aok 2 ok ok o K ES S L2 2L S ook ok ok ek &
LR E R 22 223 o o ook e Ok kR L2 IR 2 S 2] EEEE S S 2] e ok o o ook B kK 3ok ok ook Bk Rk kk LR 2222 2 2 ] o oo R
EE RS2 22 224 e ok o ok ok R EE RS L] Ao e o o o ok e EEEE LR 22 L 2 EEE S22 T3 I TTII L] oo ok ok ok ok ok ke ek
FEARBAELRR HRRRRRKREE ARFERRERRE DR BRARER ARk RRRARK ARRRARIRER  RRFRARREER  kkddkokokdkk KRR RRORRR
ERRFFARRRR RRAFRAOIORER ARERNKAOR AR R Rk RN RRR RN kAR RREE kR kR okfokokkdokRk  Rddokgokkkk &
FARERRARER AR ERREE AR RRRRRR SRR RRARRRr XRNRR AR R KRR ARE R ARk KRR dokkAkfokior  kkofok okkkok g
FARRBRXEES ARRORRRREE RORKAORRARRS KRR RO BRRREARRAN KRR RRRE AR REAR SR SEddgkkdokk  kkdkRgkokkkk
AERERARERA HBHAREETED ERRFRARRRA R AF AR RhARRkkkk SRR ERAREE KRR RRRRRD  dokkkdokdkd  dokkkRkdolokd
FRAFBAABRA pRRBRROREE kR kRN RRkRRRNoREE kR kAR Rk  RRkRR R ARk SRRk Riohkt  kkdkdkddokd okl akkkR
REAXRHIORRE R EFERREE KR RRAOR AR hRkdokktokd KRkRRRRRIN  dkkoktkRk  ddokdkkkkk  ofokdorfokkiokd  kRtokdkkkkd
FRANFSRERE LR 222 L 2 2] LRSS 2RSS 2 2] R EEEE S L L2 EEE SRS 324 EREsRARENR HEFERE KPR LR 2221 21 Xk kok kA
vv 1¢ 11 12 13 14 15 1é 17 18
LR RS RS2 ] FRES AR EEF LR 222 L L] LR 22222 2 L ] ook A e e ook RN X *REREEEER% EEE T S22 2 T kA k kR k e o ool ok ok ok
R L 222 S L) BXRAFERIKkKR ke e 2 o o Ao ok o ok EEE S R EE T2 2] ool ook o R ok kKoK Aok ek kR ok o e e e ok ¥ 2 ok e ok o e o e o e
RERRRAERRE BRBRERRRE ARERRERAAS ARRRRER SR ARk RRAREE SRR RRRE AR aRdRkkhiks  fkdmokkdokdkok  Sfokiok ok kR
FHFRAERRAR AR RRERE AR EIRRAAONE ookkRkdobdok  RRokdRARAORK R FRkR R RAobE RRkkRkRERdE  RAkktokksokk SRk kR Kk
BERBRRERDH PR FHRRIORRE ERRFGEERSF KRR EOROIOK KRR RERRKAN  RRRERARKERE R RRRfokiorE  kkkddolokkokk SRR R RRdok R
AERIXABRAE BRRRETRERS AR FREDRE ARORRRRIk AR REERRREE kR R ARk SRRk REkEkd  fokgkdkkdokkol kAR SR kRl
FEXALRIHBRA AREEREFRER HRERRHERER AR R hkAARRRRRR Rk sRdobiokk  obdorRdobkR Rt Rkfdokkokdok  dobRokkokokokok
FEABABXEAE AARBFRERAE ERRRRERERS RRRERREE R MR R Aok dR KRR RREE AR EERRENER  Addokiokkdoiok  dokkikohkkRRd
EEREXEHEE D ARG REEEXS L2 S22 2L ] LA LR LT T2 EEE S L SRS L] LR 2 2L L L 2] ook k% e de s e o e e e ek Akt
REFAFRRDRD FEXERRRREE ARBFRERERS ARk ArRIohdk DR EARRNA A RRAERRkkk  RddkFRdkokEd  dRdokRlokdokk  kdREddkokdol
L2222 2222 ] %3 o ook ¥k L2 22X T L2 ] Bk ok o ok ik LERE SRS L 2] LEESEE 2L T L ] LS 22 22 22 2 3 3 B 3 ok o e e e e o o e o ook ok 2
L2222 22 22 2] E2 T2 R 222 LRSS 222 R L 2] ko o ok o ok Ao o o o kol R ER 222 22 2T LES 22223 23 e e g e e o e Aokt e X ok k%
EE 22 222 3 2 L] FEFeF AR ALK XUREEERFES FARFREEREY Ao deokok ok ook Rk kg EREASFAAEL T A o e A X e ofe e A ok Aok o
E2 222222 L1 RREREEEEE R LR RS2 2] 20 3 o o ok ok Sk o e o ok Aok K A R B ROk B FEARFES e o o o o o e e Ao ek ek Aok kg
REBBRAEFRR AR eRRRkEEd  dofkkokdokd Aok Rfololdd RIORRRERAOK  dodokkokobtkR Rk R kR kR d RokkARkkER  wkdokkfokk ok
BEREIREREE ARFRRFRRIF FFEKEREXE D BHAFERRkRR BB RRRBRD BRARERR AR ARRHERREE D RRKARRAERE AR RERE LA
FELRXDERED RBEARFREAE dokkRklh S RRERRRRRRE bkttt dkRARAREIE  BRREEioREE  RkkhikRRkE  RRKEERKEEA
FEAFFRREFR BRTIHERADE EREIRERES S Aok kohkRokkk fokdookkorRkr RS FEdkdkdk  Radokkdkokkdkgk R gckokkEkR Aok fortolokg
FEEBASAAEE Kk EkRARk  RRORREOREER Rk Rkl RRAGlolofoR Rl HORSRRE RS AR pRdoklsobgd  RRERdoksokRr SRRk dookdokd
L2222 22 E 23 LR 22222 L 2 EE R 22T R 2] EEE R RS 2 2 2 Aokdox ko b Ao A o ok BESEFFRAEK et 30 e o Aok A feok 30 o 36 e o e ke ok R

POSITICN, CM

C.1243€80E-C7
0.11150€60€E=-07

ALPHA E

1.6420000£-02
1.8960000E-02
3.€250000€-02
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APPENDIX E

SAMPLE CASE
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102

THE SPECTRUM COMPUTED FROM 10860.00 TO 11085.00 ANGSTROMS AT

SAMPLE CASE FOR

NASA TN

CALCULATION INCLUDES THE (04G) BAND OF THE CN RED SYSTEM,
2 ATOMIC NITROGEN LINES AND AN INSTRUMENT CALIBRATION.

0.025 ANGSTROM INTERVALS

CN RED
TOTAL NUMBER ELECTRONIC VIBRATIONAL ROTATIONAL
OF MOLECULES TEMPERATURE TEMPERATURE TEMPERATURE
PER CC DEGREES K CEGREES K DEGREES K
1.8000E 15 6.0000E 03 6.000CE D3 6.0000E 03
LINE NUCLEAR SPIN NUMBER OF REDUCED
ALTERNATION FOR HOMONUCLEAR ELBCTRONIC ATOMIC
FACTOR MOLECULES LEVELS WE IGHT
Q. 0.0 3 604643
SPIN QUANTUM NUMBER OF ROTATHONAL ROTATIONAL DISSQCIATION INTERNUCLEAR DISTANCE
COUPLING RESULTANT ELECTRONIC ANGULAR CONSTANT CONSTANT ENERGY AT EQUILIBRIUM
CONSTANT MOMENTUM ABCUT INTERNUC. AXIS DEs 1/CM BETA, 1/CM DEZERO, 1/CM POSITION, CM
UPPER STATE ~52.20 1 0.5932700€E-C5 -0.4246000E-07 0.5740000E 05 0.1233200E-07
LOWER STATE 0.00 0 026392000E-C5 -0.95700G0E-08 2.6680G00E 15 D.1171900E-07
ELECTRONIC ELECTRONIC
DEGENERACY TERM ENERGY WE WEXE WEYE WEZE BE ALPHA E
UPPER STATE 4 9,2453440E 03 1.8125550€ 03 1.,2608500E 01 -1.1 -02 0.0 )0E-39 1.7151G00E 00 1.7075700€E-D2
LOWER STATE 2 0.0000009E-39 2.0687448E 03 1.3134000E D1 -5.50000006-03 0.DOC0000E-39 1,8992000E 00 1.7013390€-02
2 2.5751B0NE 04 2.1686140E 03 2.0200000€ 01 §.UGJIUDODE-39 90.000000DE-39 1.970100DE 01 2.2150000E-02
VIBRATIONAL FRANCK~ TRANSITION MOMENT ROTATIONAL LENE RANGE BAND ROTATIONAL INTEGRATED
QUANTUM NG« CONDON AVERAGED OVER THE WIDTH AT HALF-HE{GHT IN LINE ORIGIN IN QUANTUM NUMBERS INTENSITY
UPPER LOWER FACTOR ELECTRONIC BAND GAUSS LORENTZ NOIGT WIDTHS ANGSTROMS MIN MAX W/CM2-SR
0 o 5.0015E-01 5.,2100E-01 0.1200 0.1440 0.2119 5 10968.064 2 150
P2 BRANCH 9.0922E~04
R1 BRANCH 445949E-03
SR21 BRANCH 6.5940E-04
0P12 BRANCH T+6646E-05
Q2 AND QP21 BRANCHES 4+8071E-03
Ql AND QRIZ‘BRANCHES 443989E-03
R2 AND RQ21 'BRANCHES 5.9004E-03
P1 AND PQl2 BRANCHES 1.0214E-93
BAND TOTAL 2.2368E-D2
APPROXIMATE BAND TOUTAL 1.0518E-01
SYSTEM TOTAL 2.2368E-02
ATOMIC LINE SPECTRUM FOR N
NUMBER OF
ATOMS ELECTRONIC PARTITION
PER CC TEMRERATURE FUNCTION
2.0000E 21 6.C000E 03 4.1180E Q03
WAVELENGTH ELECTRONIC ELECTRONIC EINSTERN ATOMIC LINE RANGE INTEGRATED
IN ANGSTROMS DEGENERACY TERM ENERGY A COEFF WIDTH AT HALF-HEIGHT IN LINE INTENSITY
GAUSS LORENTZ VOIGT WIDTHS W/CM2-SR
15879.2C¢ ] 1.04684E D5 1.6300E D5 f.161 2.194 G.285 5 8.4997E-05
12884.603 8 1.04718€ 05 1.41GUE 05 0a161 0.194 €.285 5 9.9012E-05
SUM OF THE N ATOMIC LINES INCLUDED 1.8401E-D4
TOTAL OF ALL INTEGRATED INTENSITIES 2.2552E~02
THIS IS A RADIATIVE TRANSPORT SOLUTIONs DEPTH CF ABOVE RADIATING LAYER IS 1.000 CM.
TABULATION OF COMPUTED SPECTRUM
WAMELENGTH INTENSITY WAVELENGTH INTENSITY WAVELENGTH INTENSITY WAVELENGTH INTENSITY
ANGSTROMS W/CM2~MICRON-SR ANG STROMS W/CM2-MICRON-SR ANGSTROMS W/CM2-MECRON-SR ANGSTROMS W/CM2-MICRON~SR
10860.00 $.0000E-39 13916.26 1.5053E-02 108972.51 5.73276-02 11028.77 1.4343E-03
10860.02 0.002HE-39 10916.28 1.6037E-02 10972.54 5.9158E-0G2 11628.79 1.5182E-03
10862.05 G .0009E-39 10916.31 1.7227E-32 10972.56 4.8218E-02 11¢28.82 1.6098E~03
10862.97 9.0900€E-39 10916.33 1.8684E-02 19972.59 5.,1178E-02 11)28.84 1.7014E-23
10864.12 4.G300E-39 106816.36 2.06432E-02 10972.61 5.4436E-02 11628.87 1.8158E-03
10869.13 2.QC0%E-39 10916.38 242560€6-02 10672.64 5.8022E-02 11628.89 1.9379E-03
10860.15 .0005E~-39 10916.41 2.5146E-02 19672.66 6.1974E-02 11028.92 2.6599€-03
10860.17 6 .GHO0E~-39 11916.43 2.8328E-02 10972.69 6.6345E-D2 11028.94 2.,2049E-03

. .

. . : . . . . :

. . . . . . .

. . a . . . .

. . . . . . . .
10916.C6 1.2314E~D2 10972.31 2.1942E-02 11028.57 1.9821E~02 11084.82 4.0046E 20
10916.08 1.2253€-92 10972.34 5.0835E-02 11628.59 1.9791€-02 11084.85 3.0224E 09
10916.11 1.,229%E~02 10972.36 5.114TE-02 11028.62 1.8875E-02 11084.87 243066E O
10916.13 1.2459€-02 1G972,.39 5.1643E-02 11628.64 1.8044E-C2 11084.90 1.7938E 00
10916.1¢ 1.2711E-%2 10672.41 5.2353E-02 11628.67 1.7273E~CG2 11J84.92 1.3880E 70
10916.18 1.3892€-92 18972.44 5.3261E-22 11G28.69 1.6571E-C2 11084.95 1.1321E 00
10916.21 1.3603€E-02 10972.46 5.4390E-02 11¢28.72 1.5930E-02 11084.97 9.4532E-01
16916.23 1.4244E-02 10972.49 5.5740E-02 11028474 1.3580E-C3 11685.02 BeQ477E-0CL



DETECTOR OUTRUT SIGNAL GIVEN BY A SPEGIFIED INSTRUMENT RESPONSE

SPECTROGRARH OR SCANNING SPECTROMETER 1
SPECTRAL RANGE FROM 10865.50 TO 11079.50 ANGSTROMS CGMPUTED AT 0.250 ANGSTROM INTERVALS
SLIT FUNCTION SPECIFEED BY LINEAR SEGMENTS

WAVELENGTH SLIT
ANGSTROMS FUNCT ION

~2.500 0.0000E-39
~2.250 5.,0000E-U3
~2.000 2.3100E-02
-1.875 442200E-02
-1.750 T7.2300E-02
~1.650 1.1040E-01
24510C¢E~01
9.0330E-01
9.3370E~01
9.4580E-01
9.5380E-QL
9.5980E-01
9.9600E-91
1.0000E G0
9.9600E-01
9.9400E-01
9.,8890E-01
9.7890€~91
9.6380€-01
2,0080E-C1
1.6360E~01
1.35506~01
9.3400€~02
6+8300E~Q2
4.0200E-02
1.9100€-G2
1.2000E-Q2
0.0000E~39

CENTER OF COMPUTED
SLIT FUNCTHON SLIT WIDTH
ANGSTROMS ANGSTROMS

9.000 2.5250€ 0C

SPECTRAL CAL{BRATION OF INSTRUMENT THAT MULT{RLIES SLIY FUNCTION TO Y{ELD INSTRUMENT SENSITIVITY

WAVELENGTH CALIBRATICN

ANGSTROMS FUNCT ION
10860.000 $.0000E-Q1
10870.000 8.900CE-C1
10880.000 8.80C0€E-C1
10890.000 8.7100E-31
10900.000 8+6000E-G1
10910.000 8.4800E-C1
10920.000 8.3500E-01
10930.000 8.2200G€-01
10940.000 841400E~01
10950.000 8.0800E-C1
10960.000 T.9900€E-Q1
10970.000 7.8000E-Q1
10975.000 7.65Q0E-G1
10980.000 7.5000€-01
10990.000 7.300Q0E-01
11602.000 7.02006-01
11012.000 6.6500E-C1
11018.000 6.5500E-01
11025.000 6.5500€E-01
11049.000 6.2000E-01
11062.000 5.520VE-01
11065.000 5+5200E-C1
11072.000 5.3500E-01
11080.000 5.2G00E-C1
11985.000 5.0000E-G1
LCCATION OF INSTRUMENT CUTPUY
SLIT CENTER AW/CM2-MICRCN=-SR)*
ANGSTROMS {SENSITINITY UNITS)
10865.500 0 .C000E-39
10865.750 0.00G0E-39
10866.000 0 .0000E-39
10866.250 Q.U000E-39
10866.500 0.C0C0E-39
10866.750 0.C0G0E-239
10867.000 0.0000E-39
10867.250 0.C0C0E-39

. .

. .

. .

. .
11077.750 441266E-C1
11078.000 3.7107E-C1
11078.250 2.8352E-01
11078.500 1.8575E-6G1
11078.750 946976E-02
11079.009 5.1767€-02
11079.250 5.0561E-02 .
11079.500 B44439E-02
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START

v

READ TITLE CARDS AND
INITIALIZE FACTORS FOR THIS CASE

v

CALL [LAMDA

TO INITIALIZE THE ILAM ARRAY
WITH THE INCIDENT SPECTRUM

—

\

READ DATA CARD
(SEE INSET TABLE)

ol

CALL
ATOMI C

SPECIFIED
TEST\A
READ3_—*

%0 AN ATOMIC
SYSTEM HAS BEEN

NON-BLANK

»

BLANK — A VIBRATIONAL
BAND HAS BEEN SPECIFIED

0

GO TO PROPER SUBROUTINE
FOR ROTATIONAL STRUCTURE

1.- Simplified flow chart of Main Program.

- 0 - SPONTANEOUS EMISSION B e e, ] |
SPECTRUM IS COMPLETE H AL AL CALL
FOR CASE OR LAYER ZERO ONE $2 P12
A
K o/ CAIL . R
20 - CURVE OF GROWTH \CROWTH
- CALCULATION HAS BEEN
SPECIFIED
o COMPUTE ILAM INITIALIZE ELAM
40 - A RADIATIVE TRANSPORT EMITTED FROM LAYER FOR NEXT LAYER
- 0~ SOLUTION COMPLETE SOLUTION HAS BEEN SPECIFIED
L ADIATIVE TRANSPORT SOLUTION, | CARD TYPE READI | READ2 | READ3 | READ4 | READS | READ6
TRANSFER ILAM INTO ELAM VIBRATIONAL BAND VU VL | KMIN | KMAX
ARRAY FOR OUTPUT BAND SYSTEM PARTCC |TELECT | TVIB | TROT |(INDEX)| NAME
=0 OPTICALLY THIN | T ATOMIC SYSTEM ATOMCC | TELECT| Q NAME
SOLUTION N CURVE OF GROWTH IAML | LAM2 GROWTH
FILL 1LAM ARRAY RADIATIVE TRANSPORT | DEPTH LAYER
WITH WAVELENGTHS PRINT SPECTRUM PRINT
FOR OUTPUT DON'T PRINT SPECTRUM NONE
READ NUMBER OF INTERVALS
AND NUMBER OF SLITS
=PRINT
CALL PRINT TEST - o TEST =
TO TABULATE INTENSITY NINTRY NSLIT
VERSUS WAVELENGTH \1/
CALL INTRVL CALL SLIT
TO COMPUTE INTEGRATED 70 COMPUTE OUTPUT
INTENSITY OVER SPECIFIED SIGNAL FOR SPECIFIED
WAVELENGTH INTERVALS INSTRUMENT SENSITIVITY
Figure
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Figure 3.- Effective potential curves of HgH in the ground state. (Reproduced

from ref. 9)
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